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The ap‘ical' and basal membranes of the surface syncytium of

Schistosoma mansoni were separated and found to exhibit the

predictable, polaxjsed ATPasf' distributions of other tran‘sportin'g
‘épithelial layers. ‘A multiiamellar‘ body fraction was prepared from
adult worms and the major phospholipid 'classes. determined.
Phosphatidylcholme constltuted the major phospholapld class An
apparent pro;ectlon core was- described in schistosome multllamellar-
‘bodies, which showed structtral analogy to multilamellar bodies from
Methods were devised for sequentiau}' stripping 'the‘h outer (OB)
and imer (IB) bilayers froﬁ the surface apical membrane complex of
adult"wonn pairs. ' Tritiated Concanavalin A andﬁ_[lzsllj diathiséd
Jodosulfanilic acid were found to be useful n;arkers ‘for the 0B,,while
‘alkaline ' phosphatase and a MéiydepeMent, Na* A’I‘P357 were
~ described from the IB. Removal of the OB did not résult in cytosolic
leakage from the syncytium, while removal of the ’IB resulted in the
loss of hiéh molecuiar weight soluble proteins. Differences in
phospholipid composition between the OB, IB and' multilamellar bodies
were found to be quaﬁtitat*ive' rathef than dﬁalitative. Preliminary.»
evidence suggested that mé;.ior,pmspholipid Classes of the OB and IB
exlubn:ed heterogeneos turnover or post-synthetic modulatwn.
Radio].abelled glygerol was mcorporated into the 11p1ds of adult “
worns and had a turnover half-time (tl/2) of 13.0 hours. Loss of
glycerol from the aqueous phase exhibited. biphasic kinetics. Glycerol

was found not to be ideal f6r measurements of turnover rates of OB and



e

'IB lipids.
v - : - ,
. adult worms and was lost with t1/2 = 11.5 hours. Tt’le IB 1ipids: showed -

¢

4 Palmitate was incorporated into the’ lipid miiase of

biphasic kine'tics with tl/2 =.11.5 hours. The IB lipids - showed -

biphasic kinetics with t1/2 = 12 mimutes and 17.3 hours. Results of -

the .turnover studies emphasised the ab111ty of S. mansoni to rapxdly

renew its surface and to modulate surface phospholiplds.

A negatively charged,. sialic acid - containing g*ycocalyx. was
discovered on tﬁe s;tllist.:osm surface and was found to ‘how‘ regional
and sexual ﬁeteroge;xeity. The presence of this surface oaf on lung
stage and adult parasites, combined with the lack of a coat on very

immmnity.

young schiéfosml;ila, may help to explain the phenomenon of concomitant .

,‘g’.“\
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CHAPTER 1

GENERAL INTRPDUCTION AND THESIS OBJECTIVES

1.1 LITERATURE REVIEW ' s

P

1.,1:1 Introduction

4

Schistosomiasis, is not widely recognised in the western world
as one of the major world health problems of 'devgloping nations

(knopf, 1982). Recent estimates suggest that this disease affects the

" lives~ of over 300 million’ people (Capron et al., . 1980a).

Furthen;l‘ore, manipulation of water resources for new land use schemes
is currentyly enlarging ‘the. intermediate host habitats‘ and prevalence
(Phillips and Colley, 1978). The main aetiological -agents of. human

schistosomiasis are three species of the genus Schistosoma

(Platyhelminthes: Trematoda). Schistosoma haematobium’is distributed

throughout much of Africa and the Middle East, Schistosoma japonicum

is restricted to East Asia, whilst Schistosoma mansoni. occurs in .

Africa, South and Central America, the Middle East and the Caribbean

4

(Mahmoud, 1982). Global research efforts have been directed primarily

‘ T |
at S. mansoni, which is also the subject of this thesis.
. —_— .
= 1.1.2 The Life Cycle of Human Schistosomes -
‘Schistosomes, unlike most trematodes, are dioecious - the

slender'cylihdrical female being held in the gynecophoric canai of the

male. The canal results from folding and overlapping of the ventral

. surface (Figure 1.1). The sexually mature adult$ of S. mansoni and S.

'jagonicum are 10 - 20 mm long ar;d occupy the inferior and superior
1
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" Figure 1.1 Scanning electron .micrograph showing an adult worm

. pair of S. mansoni. The thin cylindrical female (f) is

”

. held‘_in‘ the g);neéophoric canal (g) of the male parasite.
’ The dorsal surface of the male (d) is clearly visible,

whilst the ventral surface forms the inside of. the

e

"g)"necophoric canal. Both male ‘and female parasites

possess a ventral sucker for attachment. The ventral

LY

- %
sucker of the male is visible (v).

44
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mesenteric veins respectively, whilst S haema‘ﬁobimﬁesiades in the

'vesmal plexus qf the urmary b\agldetﬂ‘.Adﬁlt worhh pairs of S mansoni,

live for up to 20 years producmg an axérage of 300 unembryonated eggs

per worm pair per day in the small venules supplying the intestinal’

. walls (Mahmoud, 1982). Within six dalys the eggs embryonate and lytic

enzymes present in tfieir secretions aid the passage of the singiy
spined eggs through the ‘host tissu;e and into *the lumen of the
intestine, or bladder for S. hz;ematobimn (Bogitsch an.d-'Wikel, 1974).
Many éggs however, become tfapped in 'the intestinal wall, or arel%
disseminated ‘in the bloodstré¢am to the liver, lungs dr other organs ~

(Warren, 1976). Embryonated eggs which are successfully voided to the

.exterior in-faeces or urine hatch in freshwater to releaya small

ciliated larva - a miracidium, which is only viable for 24 hours,

within which time ‘it nﬁ:st locate: and penetrate the molluscan

intermediate host. Within the snail tiscn:s; and hepatopancreas there

is asexual reproduction of sporocyst stag leading. to the production

- of thousands of cercariae which escape from the snail 4-5 wéeks after

]

" initial infection.. The free living cercariae ac::tively swim, utilising
their bifurcate tails, but die within 48 hours if a suitable mammalian
host is not located. Upon contact ‘with a host the cercariae penetrate

the skin with the aid of enzymatic secretions (Stirewalt, . 1974).

L e~

During penetration through the skin the cercariae lose their tails and
become transformed to jq\ienile forms called schiétosotlxula, which
migratg via the venous system to the pnuh‘nonary capillaries. The
ju’venilves‘ then enter tgxe sy'stemic circula{:ion to ‘eVentually become
lodged in the hepatic portal sj;stem (Miller and Wilson 1978; 1980). -

Five to-six weeks post-infection the female worms commence oviposition.

¢ " .. #
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. . involving fever, myalgm, , lymphadenopathy, hepatosplenanegaly land ¥

4

$
-1.1.3 Pathology of Scnistos.c;mias_is .- C L , ?
v . N ’ * i o /

Repeated exposures to penetratmg cercariae ' -may invelve o

hypef'sens1.t:1v1t:y~ reactions, w&smg ‘papular dermatitis while se({ere )

i

. 1rf1anmat10n ‘can result In the lungs from migrating s;h1stosodula =

’

l-bwever, the égg is the maine fwtor respons1b1e for symptoms o’f the

 disease (Phillips and Colley, -1978). Acute sch1stosom1as1s, mamfeg

,/

. §
, as katayama fever, usually\ occurs in v151tors to eﬁdenﬁc areas who

pick up -large smgle 1nfect10ns ‘ Tne .onset of katayama fever,

051n0ph1ha' usually comcldes with the start of ov1p051t1on ar‘:_d is

be a fo om of serum sickness, .resulting from the mqsswe

L .

"‘onslaught of ant1gen1c, matenal- (Mahnoud 1982). Chronic

-
sch1stosom13515 is the more eommon and sometunes asymptomatic f’orm of

the dlsease ,Agam the magonty of the pathology can be attrlbuted to~
the eggs, most of Whlch are not v01ded but become embohsedw in the
‘liver (Warren, 1076) ‘Maturing eggs, trapped in the tissues, secrfte
antigemc and lytic material,' ~attracting l?mphocyiiee, maeropn_ages,

eosmophlls, neutmpmls and plasma cells The resu_lting lesions or
S

Vgranu,lomas become epithelioid, then fibroblastic and eventuslly

+”

‘::ollagen containing fibrotic plaques {Phillips‘ and Colley, 1978)
I-‘1brot1c tissue may occupy an area around .the "egg 100 t1mes .the volune
of the egg (Warren, 1972), causmg obstructlon pf portal t:u'culatlon~ .
and 1ead1ng to portal, hypertension with subsequent development of
hepatanegal):, liver disfunction; :congestive splenomegaly, and portal '

systemic collateral circulation, such as oesophageal varices. (Cha;




1978; - Dunn et 1. '19’79). Granuloma formation in the small intestine
affects gut physiology @nd~ nutrlent absorption (Vengesa and Leese, .
1976; T1bold1, 1979; Vengesa and t.eese 1979). R

A cell-mediated. delayed qhypersensitivity reaction has been

implicated in grdnulmna formation- - the “response being anamnesticy,__
.correlated with'dd‘\layed hypersensitivity ski% tests and is greatly-’
reduced in T-cel} '?r' eosinophil deprived animals (Philli'ns et al.,
1977a; Byram ‘et all, 1979; Bpstein :35 al., 1979; Mahmoyd, -1979;
1582). Mahmoud su 'ested‘thati reduction of the granuloma woyld lessen

pathology (Mahmoud al., 19753),_but°suppression of thelg,ranulana
. [ - .
resulted in -liquefagctive necrosis of 1liver tissue and increased

~ ~ M L] s "

. \
susceptibility (Mahmoud, 1982). Granulomas have a protective'function .

in sequestering the damaging products of the egg (Phillips and Colley, ] NS

1978) In long-term infections spont‘aneous modulation of granuloma
‘?b(manon occurs, probably mediated by suppresso»T -cells (Chen and "
" Deari, 1\977 Naggar and Colley, 1982), increased B-cell stimulation and5
antxbodles (Boros et al., 1975,' Colley et al., 1977; Chensue and
Boros, 1979). In 'addit;ion to egg secrations adult worms release
soluble antlgens and partlculate antigens in the form of shed” surface
.'components (Rotmans et al., 1981 Simpson et al 1981a; Samuelson and
Caulfield, 1982). The re5u1t1ng~c1rculat_mg immme complexes, as ’wéﬁll'“
as mddulatdng f:,he inmune responae, are directly pathogenic.
Schistosome specific.-and npn’ specific ’IgG, IgM and C4 have ’ been‘
eluted from granular deposits on the glomerular basement membrane‘of
damaged kidneys (Bout gt al., 1977; Jones et al., 1977; Danno _e_t al.,
1979; Digeon et al., 1979). o . |



‘Anae‘mia is a frequent correlate of 'si:histésom‘iasis and although
each worm consumes ‘only" 0.88 ul of” Blgod per-day, rectal blood loss
may re?ch 30 ml per day (Mammoud, 1982). The spectrum of disease

¢ - caused by this heli‘ﬁinth is diverse,. ra‘hging from a tqotalr_lack of
symptoms to an acute fever or chronically debilitating disease and

even death. i ' B

I

1.1.4 Control of Schistosomiasis

T Diagnosis of schistosomiasis is often confirme& by the Kato

stool smear techmque, wh1ch detects eggs 1n the faetés (Peters et
A5

al., 1980). The number # of - eggs per gram of faeces however is not a’

good 1nd1cat10n of the disease state, as ‘in chronic mfectlons most of

the eggs are trapped, internally by flbrotlc reactions GPhxlhpsg;and

. ' Colley, 1978). Current immmodiagnostic’ methods ’sdffgf‘figm a lack of
specificity, compounded by the frequehcy otl"hetefosg'ecific infections
(nopf, 1982). Perhaps the recent develapment . of “monoclonal
aﬁtibodies .aga'i'ns't " unique ééhis%sane " determinants- and the
purification of stage specific a.ntigens. may a,llovf accurate
immunological characterisation of the diseage'=state’ of the patient‘

(Nash et al., -1981; Strand et al., 1982).

There are three major approdches  to tﬁé‘ 'co‘ntrol of

9 schistosomiasis sanitation, use of molluscicides and the prophylactic
and therapeutic treatment ~of @ef'initive hosts (Knopf, 1'9822.
Oxamniquine and Praziquantel are two of the drughs of. choice fdr S.
mansoni infections (Mahmoud, 1982). These drugs, although eff;c’t/ive, |

may not reverse liver damage and also leave the host susceptiblé to

reinfection. Currently a major research thrust is towards the




development of a protective vaccine. To ,date some resistance to M
. ~ A .
. sreinfection in experimental animéls has been obtained with irradiated
) . . . . ~ /
cercariae and cercarial antigen, wunisexual infectiens, bovine

schistosomes, extracts of Fasciola hepatica 'anfl Toxoplasma gondii

- (Phillips and Colley, 1978; Ta;'lor and Bickle,  1980; Hillyer and
Serrano, 1982:, Horowitz et. al., 1982).‘ The search for a vaccine& more
ptiactically suifed }o'lérge scale production and application will be
aid’eﬁ by the recent produi;t;ion of monoclonal antibodies to schistosome
Qe;eminants (Di‘ssoﬁs_ e_f 3_&_? 198Z; Strand et al., 198Z; Taylbr‘and

_ Butterworth, 1982; Dresden et al., 1983). These monoclonal antibodie; 3
h;awe induced re.sistgnqe in passive t‘r\a'nsfer experiments (Zodda and
Philiips, 1982) and in mediating eosinophil depéndent C)"tétoxicity in

, @itro (Grzych et al., 1982). Purification of those‘émtigens relevant

LY

to this immmity is now underway (Zodda and Phillips, 1982).

'1.1.5 An Introduction to the Schistosome Sufface: Structure and
>

Function .
The surface of S_ mansoni .has evolve‘d. to, accommodate a dr;astic
- change from a fresh water habitat to the internal milieu of the
mammalian host. Once inside the host this versatile surface serve-s as

C e an interface between the. wérm and the. hostile effectors of the ‘.
provoked immune system, whilst mediating crucial biochemicail,
physiological and nutriti.\{e functions. Although originally referred
to as a cuticle (Morris and Threacigo}d, 1968) the schistosome surface

is very different from the inert impermeable cuticle of parasitic

nematodes (Lee and Atkinson, 1976). Many studies have attempted to

N




I-‘igure\1.3~ . Electron micrograph showing the surface of 8. ~
‘ mansoni. Th: su;face layer, or tegument, consists of a
. syncytial epithelium, bounded on the outside by an apical
membrane complex (A) and ori the inside by a basal mégxbrane :
(B). Osmiophillic multilamellar bodies (ML), the presumed
precursoré qf the apical mémbrane complex, are visiblé in
_the tegument. The basal membrane rests op a basal fami;xa'

gad underlying muscle la;yer‘s (M), which are traversed by

. internuncial processes«(1). These link the syncytium to
. ‘ . P

, the underlying nucleated (N) cell bodies,

—
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. characterise the structure aﬁd ‘function of tﬁe schistosome surface and
to acco_pﬁt foxl its insusceptibility to host immune factors', but many
basic questions remain unanswered and the role of ‘seme simple
structﬁres,is stili a matter of dispute.

Cercariae, schistosomula and adult §. mansoni "are totally
in‘vested by a continﬁous,' am;él;aate layer of cytoplasm‘ 0.5 - 5.0 pm in
' depth (McLaren, 1980; Figure 1.2).. The possession 'éf this syncytial

epitheliun or tegument is cc;nsidered ‘a primary adaptation to
paras{tism (Podesta, 1982a) , because a similar arrangement is found in
other par‘asit;ic Pl';ltyhelminthes, whereas in contrast free living

- flatworms have a cellular epithelium  (Matricon-Gondran, 1980;
Podesta, | 1982a). _The/‘inward-fécing aspect of the epithelium is
bounded by an ‘infoldegi trilaminate basal plasma membrane, attached by

hemidesmosomes to the underlying basal lamina, interstitial material,

o <

circular‘ and longitudinal , muscles. Cytoplasmic connections. or
internuncial .processes' form tortuous channels through this material to
unite the epithelium with the sunken cell bodies, situated in the
,parenchyma ’underl)fing the muscle 1ayérs (Figure 1.2). The cy;oplasm
of the anucledate epithelium is therefore continuous with that of the
nucleated céll bodies @orris and Threadgold, 1968; Silk et al., 1969;
Reissig, 1970; Hoc:,kley: 1973). Figure 1.3 illustrates the basic
f@@téS of the schistosome surface. As many as 50 microtubule lined
cwels may enter each c‘g}- body (wilsoﬁ and Barnes, 1974a). Based
on the presence of nuclei, em‘ioplasmic rét%c_ulun and golgi (Morris and
| Threadgold,” 1968; Hockley, - 1973; Mclaren, 1980), on positive
histochemical staining for RNA and'mi.tochondriai enzygnes (Wheater and
Wilson, 1976) arid on autoradiography of [3H] leucine incorporation

(Wilson and Barnes, 1979) the cell bodies have been implicated as

L}
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Figure 1.3

Diagram illustrating the basic organisation of the

adult schistosome surface. The surface epithelial

syncytium (ES) is bounded by an apical membrane complex
(AMQ), composed of an inmer (IB) and outer bilayer (OB).
The inner side of the epithelium is limited by an infolded
basal membrane, The subt’egumental cells (SC) are the
major sites off .synthesis and contain nuclei (N),
endoplasmic reticulum (ER) and golgi (G). The two main
inclusion bodies of the syncytium : discoid bodies (DB)
and multilamellar bodies (MLB) are thought to be
synthesise "in the subtegumental cells and i:assA up the
microtubulz

- lined cytoplasmic connections (CC), which

traverse the muscle fibres (MF).

A
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" major sites of bio;ynthesis of precursor material for the surface
- epithelium. The ‘thmg“major inclusion bodies of the tegument - the
discoid and multilamellar bodies - are thought to be synthesised in
the golgi complex of the cell bodies .and transported via the
:cytoplﬁsmic ;oﬁhectiongitqﬂghe tegument .

’ In 1973 the use of uranyl acetate as a post-fixative revealed
. an_unusual feature of S. mansoni - the presence of a hept;a.lamir?ate
_membrane complex (Hockley and McLaren, 1973), which ig now known to
.consist %f two cloself apposed trilaminate bilayers (Hockley et al.,
1975; Torpier, 1977). This aspect of the schistosome surface appears
to be an adaptation “to the‘sanguiheous environment, as it has been
found only in blood flukes and not in those inhabiting the intestine
or other sités (McLaren and Hockley, 1977).. The free swimming
cercaria has ‘a trilaminate outer membrane, invested with a thick
mucopolysaccharide - - containing glycocalyx. By three hours
post-penetration the structural ana physiological change to a
schistosomulum with a double outer bilayer is complete: (Hockleyg
1?73). More recent work however suggests that development of the
ou;er bilayer may be delayed for up to 48 hours after transformation
(Butterworth et -al., 1982)'. Surface microvilli have been observed
30-60 minutes after\penetration and fhese may effect shedding of the
original cercarial membrane (McLaren and Hockley, 1976). The possible
loss of cercarial plasma membrane and the addition of an extra bilayer
pose the problgm of the origins of new membrane. Multilamellar bodies
are thought to fuse their'bouﬁding membranes with invaginations of the
outward-facing membrane and to spread their lamellate contents onto
the surface of the worm, forming, a second lipidic layer (Hockley,

1973; Wilson a&d Barnes, 1974a; 1977). Although this theory does not

N
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explaiﬂ the incorporation of externally applied horseradish peroxidase
into the multilamellar bodies (Smith and- Von Lichtenberé, 1974), it
‘does bear- a striking similarity to another secretory system - that aof
sprfacxant producﬁion in type II pneumocytes of mammalian lung
(Massaro and Massaro, 1976). It also provides a mechanism for what is
thought to be a continual process of rapid mgmbrane turnover (Kelligan
et al., 1977; Wilson and B;}nes, 1977; Samuelson and Caulfield, 1962;

Podesta, 1982a). Histochemical studies suggest that the multilamellar

15

bodies are composed primariki of 1lipid and possibly contain |,

carbohydrate (Reissig, 1970; Wilson and Barnes, 1977). Similarly the

adult surface reacts positively with stains for lipid a;d carbohydrate
(Wheater and Wilson, 1976; McLaren, 1980). The surface, in addition
to possessing exposed sugar groups, has a negative charge and binds
cationised ferritin (Wilson and Barnes, 1977) ‘and colloidal iron
(Hockley, 1973; Wheater and Wilson, 1976). Despite this eQidence to
_ the contrary, the worms aré .considered not to have a glycocalyx
(McLaren, . 1980), indeed théh membranous outer bilayer has been
‘p05tu1ated to replace the ubiquitous glycocalyx of other cell types
(Wilson and Barnes; 1974a). In most  other trematodes the ydiscoid
bodies are thought to céntribute to the surface membrane- and althéugh
those of-S. mansoni stain strongly for carbohydrate (Reissig, 1970;
Hockley, 1573) they are considered to be -precursors -of tegument
"ground substance" (Wilson and Barnes, 1974a) or of the spines
(Hockley, 1973). A recent paper reports that the spines are composed

of actin, based on their crystalline patterning, but no biochemical

support was offered for this hypothesis (Cohen et al., 1982).




-/
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Freeze fracture studies of the schistosome surface membrane
complex indicate that intramembranous particles are located mainly in
the outermost leaflet of the outer bilayer, with some in the

cytoplasmic -leaflet of the inner bilayer. On the basis of this

atypical arrangement researchers have suggested that the outermost

membrane is "inside out" (Hockley .et al., 1975) and that the
intramembranous particles migrate from the inside of the inner bilayer
to the exte‘rio'r of . the outer bilayer (Torpier et al., 1977). An
effective understanding of the role of intr'amembranéhs_ particles in S.
mansoni will have to await further research. ‘

The schistosone surfacé, in addition to its role in immune
evasion has long been recognised as an important site for the uptak‘e
of nutrients (Senft, 1959). Early uptake studies in this area have
failed to take the caecum, an active absorbing surface, or unstirred
layer into account (Isseroff et al., 1972; Asch and Reéd, 1975;

Isseroff et al., 1976). More recently two methods have been described

for circumventing these problems by compartmental analysis (Podestat

and Dean, 1982a; 1982b) or triple isotope’ labelling (Cornford and
Qldendorf, 1979). These studies have revealed the role of the
tegument in the transport of amino acids and simple sugé"rs.‘ The
surface is also involved in ion, water and volume regulation (Brodie
and Podesta, 1981). Any theory of immune evasion involving the
schistosome surface must ;:herefore be consistenf with its function .as

o

a 'transporting epithelium.
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1.1.6, Host Immunity and the S:Jrface of S. mansoni

The succe\ss: of the primary infection and the degree of: immunity

engendered following an initial infection with S. mansoni varies for

- different hosts. Humans, baboons, hamsters, mice and gerbils are

examples of permissive hosts, which pemit the passage of viable ova,

whilst rats, guinea pigs and foxes are non-permissive (Knopf, 1982).
Rats and rhesus monkeys,b after an initial infection with S. mansoni
become immune to reinfection (Phillips et al., 1977b), whilst mjce and
hamsters exhibit only partial immunity. Human immunity has been less
well demonstrated, but epidemiological studies suggest that people.can
slowly acquire.at least partial resistance (Smithers and Terry, 1969a).

Schistosomes evoke a considerable humoral response from thc;ir
host and both Igé and IgE have démonstrated cytotoxic activity in
vitro, in~ the presencé of complement or immune effector cells.
Cytotoxicity in vitro or in vivo appears to be directed against the
surface membranes of the - flukés. Attempts to transfer immunity
passively have been disapl;ointing, although some success has been
échieved with transfer of immume rat serum (Mangold and Knopf, 1981).
In infected mice IgE may be involved in a protective respénse
(Horowitz _gi al., 19‘82), IgE 1levels ‘being correlated with wom
expulsiuanin /the rat (Capron et al., 1980b). In mice IgG2a, the
second most potent anaphylactic immunoglobulin cléss, ig the most
effective specific mediator of - immmologic injury (Mclaren, 1980).
The specific¢ protective \h.umoral respormse against‘ schistosomes is
directed primarily against 'sux"facﬂe' membrane antigens (Sher et al.,

1974; Murrell et al., 1977; Rotmans and Mooij, 1982) and currently

T
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considerable reéea}'ch activity is directed at detecting' and isolafi'ng
the relevant antigens, most of which appear to be glycoprotems,

(Strand et al 1982). from the surface membranes. Hayunga et al.

(1983) have 1solated and part ially charactensed a maJor glycoprotem'

oantlgen ‘from the tegument and monoclonal antlbodles have recently been
raised to tegument glycoproteins (Strand ’gt_ al., 1982) .

T In 1977 adult S. mansoni were found to bind not only specific
antibody but heterospecific antibody, suggesting the presence of an Fc
recept,er"(l(emp' et al., 1977). Schistosomula and adult womms have

since.been shown to possess Fc receptors which will bind 1gG, immune

" complexes and B8-2 macroglobulin (Tatleton and Kemp, 1981). Proteases °

at the surface may subsequently cleave off the F(ab) -portion (Auriault
et al., 1981). Receptors for C; have also been detected  (McGuinness
and Kemp, 1981). Young schistosomula and their soluble products

(Santoro e_t al., 1980) are vnown to activate complement both by

alternate and <classical pathways (Ouaissi et al., 1981). The earliest -

signs of damage are manlfest as blebbing of the surface membrane
(Ouaissi et al., 1980). By the t1me Schistosomula reach the lungs,
they no longer activate complement by the alternative pathway (Santoro
et al., 1/979' Dias da Silva and Kazatchkine, 1980), ‘which is therefore
of prime 1mportance in the non- SpeCIflc killing of skin sch1stosomu1a
in the naive host (Sartoro et al., 1982). A protective role has a'lso
been proposed for the CS receptor in bmdmg, and subsequently
sequestering or inadtivating (‘ISb. thus preventmg completwn of the
"complement cascade (0ua1551 et al 1981). The benef1c1al effects of

complement extend to C3, . as worm recoveries are lower from Cy

deficient mice compared to otherwise identical, nommal mice (Ruppel et

al., 1982).

18




Fc and C; groups on the schistosome surface have ‘been shown

19

to promote the-.adherence of a variety of immune effector cells: Much -

. @ .
interest has been focussed on- antibody-dependent, cell mediated

mechanisms of schistosomular destruction and in particular- on

eosinophils, which are almost always associated with "helminthic

infections. Peripheral eosinophilia and tissue ebsinophilopoiesis are -

'

characteristic of the schistosome-infected host (Salih et 4al., 1977;
Byram et al., 1978; Knopf, \ 1979) and peak slightly ;iuring
schistosomular migration and greatly at commencement of oviposition
(Mahmoud, 1982). = Development of a specific antieosinophil seruln
(Mahmoud et al., 1973) elucidated the role of the eosinophil in !_iié.»
as exposure of immme mice to antieosinophil serum abbrogated their

previous jmmunity (Mahmoud et al., 1975b). The degree of host

1 - . .
resistance has been found to correlate with the peak of eosinophilia

(knopf and Cioli, 1980). Specific 1gG2a ;ﬁd lgG'} have been shown to
direct eosinophil mediated killing of schistosomula in vitro (McLaren,
1980). ’Immune damage'was detected morphologically, by the abidlity of
the schlstosomula to mature and by [51Cr] release assays, although
there has been some failure to correlate morpholog1ca1 damage with
'I[SICr] release (Butterworth et al,, 1982) Eosinophil adherence may
be more effectlvely stimulated by C, and  the attendant
eosinophil-chemotactic factors generated ‘b): complement .activation
(Ramalho-Pinto et al., -1978). Eosinophil activating factors are also

released from stimulated mast cells and lymphocytes (Capron et al.,

1980b; Mahmoud,- 1982). Eosinophils adhere rapidly .to opsonised

schistosomula and degranulate releasing major basic protein, catzo\mc
¢

protein and perox1dases, which attack ‘the surface (McLaren, 1980,




i

Qzuralgi al., 1981). -Adherence and degpinulation reactions may be
independently mediated, 'és Concana}valin A ., will stimulate  adherence
without degranulation, whilst subsequent addition of a calcium
ionophore stimuiates degranulation‘\(David et al., 1980).- Damage,
proceeding degranulation, is manifest‘\\by surface membrane blebbing an‘&
tegumental vacuolation, followed by degtmction of surface integrity
and removal of the tégumept (Von Lichtenberg et al., 1977; Mclaren,
1980). In chronic infections éhere' 'is a modulation gf the eosinophil
" response, mediated by a T-cell suppressor factor .(Naggar and Colley,
1982). Some rgsearcher's.‘.hav‘e’ also found eosiﬁophils from eosinophilic

&

patients -to be - less effective in in vitro cytotoxicity assays, due

either to their immaturity or to immune complex blocking of receptors

(Butterworth et al., 1975; Butterworth et al., 1977; Kazura 13_1:_ al.,
1981). ‘ e

‘ ‘'The efficacy of cell ‘types, other than eosinophils, in
schistosomular killing is contreversial. Iﬁ some .systems neutrophils
have proven totallf ineffective (Butterworth et al.,” 1977), whilst
Dean et al., (1974) found t'ha’t, -in‘ the presence of complement and
antibodies, neutrdphiis would attach to and: damage schistosomula;
These discrepancies in the literature however may' result from the
. di.fferent‘specificities of sera ﬁsed. Moser and Sher (1981)
demonstrated neutrophils t¢’ 'be jminimally effec‘tive against
.schistosomula in the presence of immune serum, whilst trinitrophenol
(TNP) - coated schistosomula, in ’che‘presence' of anti-TNP, were
damaged more readily by neutrophils than eosinophils.’ ATtle usual
inefficiency of neutrophils in immune -killing may also be related to

their apparent ability to fuse their plasma membranes with the outer

bilayer of the schistosomula, without, stimulating degranulation

»
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4 (Caulfield, et al., 1980). Additionally, mast cells have been shown

to attach to‘ schis'tosomula (Sher, 1972; Caulfield et al., 1981).
Macrophages (Perez and Smithers, 1977; Mahmoud g@_ a}., 1.9.79) and
T-lymphocytes have been shown to damage schistosomula (Ellner et al.,
1982). Antibody-deper'ndent cell mediated damage to schistosomula in
11;:3‘9_ is not affected by agents inhibiting DNA. replication, pr%tein
synthesis or oxidative respiration, but is inhibited by cytochalasin
B; inhibitors of glycolysis and other agents likely to - induce
alteration of cell surtace membranes and interfere with cell-target

1 .
interactions (David et al., 1977). In conclusion several mechanisms

of schistosome destruction have ‘been demonstrated in vitro, but their

relevance in vivo is not fully understood.

i

1.1.7 C8ncomitant Immunity

A central problem in schistosomiasis research and one of ’the
main hindrances to "su:cessful vaccine development is the type of
immunity engendered. The teﬁ concomitant immunity h;s been borr&wed
f,t.'om tumour inlmmolé)gy to describe the phenomenon whereby newly
invading schistosomulavare killed, concomitant with survival of the
established popula'tion of adult worms from the priméry infection.
(Snithers and Terry, 1965 and 1969b’). Loss of the adult womm
population is frequently accompanied by a loss of immunity (Mclaren,
1980). Several theories have evolved to- explain corcomitant immunity

and these will be summarised, briefly here. Historically, the most

popular theory, the aisguise hypothesis, accredits survival of the

' adult worms to an adsorbed layer of host antiggn, which prevents the



————

worms from being rec0gni$ed as, non-self. Smithers and Terry (1968)
suggested t}xe existence ‘of protective host antigens following transfer
equrimentg, whereby worms grown in mice and ‘transferred to the veins
of ‘monkeys survived, but not if the monkeys had previously been
immunised against mouse red blood cells, rendering them '"anti-mouse'.
These- results havé been duplicated with the mou‘se-monkey _system
(Erickson et al., 1973) but other workers who transferred rat worms to
"anti-rat" hamsters or hamster worms to 'anti-hamster' mice‘found no
increased killing (Boyer and Ketchum, 1976‘; Coelhé et al., 1576). The

presence of host antigens on the worm surface has been amply

demonstrated by several techniques including ‘mixed agglutinationm,
PR, - ™

fluorescent antibody, damage in vitro from anti-host serum,
antibody-enzyme bridge labelling, Ouchterlony test and fluorescein

isothiocyanate (FITC) labelled Staphylococcus aureus. Host antigens

detected on the surface include Forssman (Damian, 1967; Dean and Sell,
1972), mouse «-2-macroglobulin (Damian et al., 1973; Kemp et al.,
1976), blood group determinants (Clegg, 1974, Dean 1974), major
histocompatib;lity antigens (Gitter et al., 1982) and heterologous
am:ibodies~ bound via the Fc portion (Kemp _e_ti al., 1977; To'rpier et
al., 1979). The antigens are thought to be acquired via hydrophobic
interactions’ of their ceramide gro;xps (Clegg, 1972), glycosyl
transferases (Simpson ey al., 1981b), Fc and C3 receptors (Tarleton
and Kemp, 1981) or possibly by neutrophil plasma membrane fusions:
(Caulfield et al., 1980). Many types ©f cells in culture will pick up

®

host antigens (Clegg, '1974) and - little significance is wusually

- attached to this. Masking of . schistosome antigens could also be

. P .
effectively accomplished by the presence of worm-derived immunogens,

exhibiting strong cross-reactivity with host components, An example
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of this is the presence of a surface antigenic determinant that cross
reacts with mouse  2-macroglobulin, which is even found in, woms )
. - raised in monkeys (Damia;n,v ‘1964; Damian - et al., 1973). The
signifiéance of‘ _this" mouse de‘tenniqant‘ on a pafasite which is' not
primarily ‘murine and does not protect 'naive mice from infection
remains obscure.
Definitive proof of the disguise hypothesis has recent]y been
deduced from the susceptibility of skin stage schistosomyld to immune

serum and eosinophils, coupled with the insuscef:tibility of lung stage

and adult worms, which were damaged‘only with anti-host serum (McLaren

and Terry, 1982). However this may be attributed, not to decreased

B i pu——

antibody binding ~ to masked worm i'munogéhs, but to ' lessened
susceptibility résulting from some intrinsic change in the surface of -
the developing schistosomula (Sher and Benno, 19‘82). As schistosomula
mature over a 'six day postransfonnational period they decline in:
ant'iggnicity and in susceptibility to lethal ‘antibody dependent,
’ complemgnt or eosiﬁc;phil mediated damage (Bickle and Ford, 1982).
This holds true even if the host "disguise" is specifically bypassed 0
by testing haptenated schistosomula with anti-hapten .antibody (Sher
and Moser, 1981; Levi-Schaffer et al., 1982). Older s‘chistosomula no
longer activate complement by the alternative pathway, they prevent
prolonged attachment of eosinophils and- resiQt damage by eosinopﬁi‘l-
degranulation products (Déssein et al. ,. 1981; Bickle and Ford, 1982).
Schistosomula develop inpurity to inlmmé'.effectors both in vivo and in
vitro and in the presence or absence of host cox‘npqnents. (Dean, 1977;

Dessein et al., 1981; Levi-Schaffer and Smolarsky, 1981). These

results are incompatible with the disguise hypothesis and point to an
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unknown dévelopmental change of the maturing schistosomular surface.

Alternati\'re:methods of parasite protection have been suggested, -
irx:tlud'mg- immunosupression via inhibition of lymphocyte proliferation
(Camus et 1., 1977; Colley et al., 1977; Mogueira and Machado, 1978)6
or responsiveness (Colley et al. , 1979), reduction in surface antigen
: eﬁcplieséioni (Butterworth et al., 1982}, modulation of antibod); titres
with pfolongéd infection despite continued.antigenic stimulation (Nash
et &’3 1978), induction of T-suppressor cells (ﬂbta-Santos et al.,
,1977), suppression of haemagluttinin activity (Colley et al., 1979)
and enhancing or blocking antib§dy binding (Sogandres - Bernal, 1976;
McLaren, 1980). - '

The surface me.mbranes of the tegument of S. mansoni are
continually undergoing.a dynamic turrio‘ver process and since the immune
response of the host is directed against this surface, the aBility of
the worms to survive in an inmuno.logically hostile environmment may be
relate& to their capac\ity. to repair damaged membrane. Most
researchers _concur’« that the time constant for surface membrane renewal
- Js between Z and 10 hours (Wilson and Barnes, 1977; Dean and 'Podesta;
1982; Semuelson and Caulfield, 1982). @here is eviderce that some
glycoproteins' may have half lives as short as 15 minutes (Hayunga et
al., 1982), Memb'ranoﬁs material, shed by S. mansoni g vitro,
precipitates ~immune 'serum and shows . identity with freeze-thaw surface

preparations (Murrell et al., 1974; xusl et al., 1975a; Rotmans et
‘al., 1981).

1.2 RATIONALE

The surface’ tegument of S. mansoni is known to be involved in



the transport of nutrgsgps, ions and water (Senft, 1959; Isseroff et

al., 1972; Cornford and Oldendorf, 1979; Brodie and'deesta, 1981) and
mdy therefore be expectéd to sha?e many features with other
transporting epithelia. In addition the host immune response is
directed at the worm surfac;’TMcLaren, 1980), whic@fmust therefore
have evolved some protective features. ,The 'disguise hypothesis",

7

- discussed previqusly, does not adequately account for the remafkable

‘resistance of this parasite, especially as evidence now exists which

. suggests that resistance may develop in the absence of ""disguising"
host components (Dean, 1977; Dessein et al., 1981). A completely

[ ~
masking layer of adsorbed host material would be expected to alter and

- v . -

impede the vectorial transporting function of the surface.
v

Furthermore, the rapid turnover times reported for the surface layers
- B - L)

(Wilsoh and Barnes, 1977; Dean and Podesta,. 1982; Samuelson and

Caulfield, 1982) would appear to be incompatible with a passive:

@  disguise process. . : -

Protection from iﬁmﬁ?e effecFofs maynrell be afforded \by the
rapid synthesis, modulation and turnover of the apical m?Pbrane of the
epithelialf‘syncytium, allowing damaged membrane to ,be shed and
replaced before themaintegfity of the cytoplasm becomes affected
(PoéeSté, 1982a). The unusual structure of the platyhelminth tegument
can be egglained in terms of ihis.hYpothesis: The lack of cellular
‘compartments in the tegument: may be an adaptation which allows
efficient 'cdupling in the field of the syncytium, permitting rapid
turnover and efficient repair of the surface. This hypothesis rests

. on the assumption that it is energetlcplly more fea51ble to rapidly

turn over the surface membrane of a syncytium tham it is to
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replace entire cells of a cellular epithélial layer (Podesta,\1982a).
Schistosomula’ progressively develop resistance tc; imnun'e
recognition and effectors over a period ;)f several days (Dessein et
al., 1981) suggesting that a developmental ghange occurs which
ihvoives the aquisition of the ability of the parasife to tiegulate the
rate of surface renewal and in the structure of’ the séhistosomular
outer Dbilayer. These changes ma); . render mature schistosomula
relatively insusceptible to immune destruction and be partly
responsible for‘the phenomenon of concomitant immunity. . The signal
trans;iuk:tion mechanisms responsible for directing membrane turnov;r
may present susceptible targets for directed immunological attack and

vaccine development.

1.3 OBJECIJVES

1. ‘Dissecti.(m of the mc;mbra}nous components of the surface
epithelial sym:-yt‘:imn of S. mansoni, including preparation of fractions
" enriched in apical and basal membranes,do'uter and. inner bilayers of
the apical membrane complex and multilamellar bodies. ’

2. Quantitation of enzyme markers for these fractions.

3. Determj.nationz of the major pho‘spholipid classes of the
membranous fractions. |

L3

4. Measurement of the turnover rates of the outer and inner

bilayer phospholipids from the apical membrane.
5. Investigation of surface. alterations in .develof)ing
T : B Y

. schistosomula. ' o
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CHAPTER 2

SEQUENTIAL REMOVAL OF APICAL AND BASAL MEMBRANES FROM THE SURFACE
EPITHELIAL SYNCYTIUM OF SCHISTO: (

2.1 INTRODUCTION

'i‘he syncytial surface of parasitic platyhelminthes is thought
to function in nutrient uptake as well as in synthesis, secretion and
various sensory roles (Halton‘ 1982). ‘ In light 'of these 'proposed
functions and the surface location of the tegument it is likely that
the syncytium functions as a typical transporting epithelium. To
extend tﬁis analogy it is useful to consider one definition of an
epithelium suggested by MacKnight anél. co-workers (1980) - "A high-ly
polarised structure composed of epithelial cells, which lie on
variable amounts of supporting’ tissue and separates an external from
an internal milieu". Two major difficulties are encountered in
attempting to fit the schistosome surface into this definition. I
refer here to the absence of epkithelial cells per se and to the lack
of information on functional polarisation:, The wunusual acellular
surface, which presumably eyolved from the célula.r epithelium of free
living platyhelminths, is thought te représent a specialised
_adaptation to parasitism (Podesta, 1982a). Polarization is a central
feature of transporting epihthelia a.nd‘ is a prerequisite for ve;torial.
transport and 'regulation of the-internal medium (Cereijido et al.,
1980). In all epithelia examined to date therefore the apical and
basal membranes are asymmetric both. in morphological and- functional

aspects (MacKnight et al., 1980). This complies with the two membrane
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model of Ko;efoed-Johnsen and Ussing (1958), which is central to most
theories of epithelial transport. However the simple coﬁcept of two
independent and dissimilar membrane barriers mediating veétorial
transport is complicated by the existence of paracellular shunt
pathways (Reuss, 1979; Podesta, 1982b). The relati;le importance of
this third barrier in epithelial transport has been the subject of
considerable investigation and the resistance of the shunt pathway has
been found to be important in determining the transepithelial chemical
and electrica} pot’ential gradients (Graf and Giebisch, 1979; Cereijido
et al., 1980; Podesta, 1980). The sqhistosgme surface provides a
unique model for elucidating-.the importance ,?;f paraceilulgr ‘pathways
to epithelial functioning, as 'it lacks "'momhologftaily detectable
shunt pathways. . C

| Although the schistosome- surface has .been i}nplicated in a

variety of transport processes (Cornford and Oldendorf, 1979; Bocash

28

et al., 1981) there has been no definitive proof of 'pc'>1arised~-

epithelial functioning. In Hymenolepis diminuta, however, the

asymmetric transporting properties of the apical and basal membranes,
which bound the surface s}ncytium, have been well demo;lstrated
(Podesta, 1980). A central problem in this research area is posed by
the acoelomate nature of the worms, which precludes the isolation of
epithelial sheets and the concomitant exposure of the basal membrane
to experimental manipulat‘lion. One solutiorn to this problem .is the
comparison of tissue sections, where specific inhibitors gain access
to the basal membrane, with entire organisms, where only the apical
surface is exposed (Poaesta, 1977; 1986). wAnother approach is to

‘obtain separate fractions enriched in either apical or basal membranes

N
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, (Grinstein et al., "1980).  Given f:he“‘ syncytial nature of 'the
schistosome surt;ace it should be feasible to sequentially remove the
apical and basal membranes from intact worms. Membrane separation has ‘
been accomplished in other epithelial systems and ubiquitous marker
enzymes characteriséd for both preparations (Armstrong et. al., 1979;

Grinstein et al., 1980; Macknight et. al., 1980). Similar enzyme .

distributions in S. mansoni would therefore be indicative of
polarization and epithelial fminct{oning. Varying amounts of the
surface of S. mansoni have prev.iously been removed by several workers
(Kusel, 1972; Cordeiro and' Gazzinelli, 1979; Oaks _ei. al., 1981;
Simpson et. al., 198la), but there has been no attempt to isolate
- . ] apical and basal membranes or to demonstrate their functional
jtlissimialaril:y - an essential prerequisite of transepithelial transport.

This cﬁapter describes _initial experiments designed to strip.

" sequentially the apical and basal membranes from the intact womms,

with the ultimate aim of locating marker enzymes and showing

xfumtional polarization of the surface syncytium.

2.2 MATERIALS AND METHODS

2.2.1 Maintenance of Schistosoma mansoni in the laboratory

Schistosoma mansoni (Puerto Rican strain) was maintained in our

laboratory by routine passage between the molluscan intermmediate host,

» Biomphalaria glabrata and Syrian hamsters,‘ which served as the

definitive host. The tropical snails, B. glabrata, were t‘ed in our
laboratory and supplemented by monthly shipments of infected snails
! from the Center for Tropical Diseases, Loweéll, Massachusetts. I;hey

were housed either in.largé' aerated aquaria or in flat horticultural

v
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bedding trays, subplémented with a spoonful of mud, taken from
deposits on the banks of the River Thames (London, Ontario) then
sieved and autoclaved:‘ Trays we;e cleaned twice weekly and refilled
with dechlorinated tap water. Snails were fed Romaine 1lettuce as
crequired. Optimal breeding conditions’were found to include a room
-temperature of approximatelx 75°F and constant overhead fluorescent
lighting. Eggs deposited on the walls of the aquaria were allowed to
develop and hatch without interference. Styrofoam floats were
provided for egg deposition in the trays and the floats, with eggs
attached, were then transferred to‘the aquaria fof hatching.

| Groups of 50-100 young snails (3-5 weeks of age)_were infected
with S. mansoni by placing them in small petri dishes, containing 10
miracidia per snail in minimal volumes of dechlorinated tap water, for
3 hﬁurs. Infected snails were maintained in trays and examined for
the presence of ;other sporocy;$.14 days later. Thirty days after
infection the snails were classified as patent and kept under subdued
light. Twice weekly patent snails were transferred to beakers and
allowed to dfy for 15 minutes before being left for 2 hours in small
volumes of water under'd{rect fluorescent light. Cercariae, larval
schistosomes, emerge from the snails in response to .the light and swim
actively in the water. The cercarial suspension was decanted ‘into
test tubes on ice and a few minutes later.the cercariae were pipetted
from a concentrated layer on the surface into a small beaker.
Aliquots of the suspension were transferred to depression slides and

mixed with a drop of iodine in 50% ethanol. Cercariae were counted
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with the aid of a dissecting microééope, providing known -

concentrations of cercariae for hamster infections.




Syrian hamsters (Charles River Canada Ltd., Quebec or from
stocks bred in the zoology animal care facilities, U:W.0.) were
makntained with constant access to Purina lra‘t chow and water. Young
male hamsters (approximately 6 weeks ol'd) were ‘infected with S.
mansoni by subcutaneous injection ofJ 1,000 - 1,500 fresh cercariae in
less than 1 ml of water. Adult S. mansoni were recovered‘ from the
hamsters 40 - 45 days post infection. Following cervical dislocation,
the body cavity was exposed by ventral incision and part of the rib
cage was removed to reveal the heart. ‘1:he hepatic portal vein was cut
close to the l'iver and worms perfused out with Krebs Ringer Pliésp}}.ate
(KRP) at pH 7.4, delivered to the left ventricle by a 23 gauge needle
attached to a Manostat varistaltic pump, generating 10. lbs/inch2 in
perfusate pressure. Eluted worm “pairs‘were either picked up directly
with a flat spatula 01" were collected .on fine plastic mesh. Gentle
"milking" of the small mesenteric veins removed those worms not elutéd
by perfusion. Throughout the necropsy procedure eluted worms were
maintained in KRP on ice and prior to experimental manipulation they

were yashed in several changes of fresh KRP and any blood clots

removed.
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Granulomatous livers were excised from™ the hamster carcasses °

and stogad overnight in KRP at 4°C. The following day the livers were

homogenised in KRP or 0.8% saline tising a Virtis blender. The"

resulting homogenate was passed consequetively through 20 and 60
‘mesh/cm sieves to remove larger debris. Granulomas were repeatedly
left to settle, the supernatant discarded and fresh saline added.
Washed eggs were poured into a volumetric flask, covered in tin foil
up to 2 inches from the top, which was then filled with dechlorinated

tap water and set under a fluorescent light. Miracidia hatched from
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' figure 2.1

!

Maintenance~ of the life C)'jcle of S. mansoni in the

laboratory.

1)

2)

3)

4)

5)

6)

\Six week- ald rr;a;le éyrian hamsters are infected by
subcutaneous injection of ‘1,20(3 - 1,500 cercariaé in
dechlorinated tap water.

40 - 45 days post-infection the hamsters 'are
killed by cervical dislocation and .adult WOIrm pairs
are perfused out of the cut ends of the hepatic
portal vein. ‘ |

Eggs are sedimented from homogenised livers and
washed in Krebs Ringer Phosphate. / '

The ciliated larvae, mira.cidia, hatch from the
eggs in response to reduced salinity.

Mirac'::idi.a are concentrated in a light beam and
allowed to penet;';zte the intermediate hest - tropical

snails Biomphalaria glabrata.

]

One month later exposure of infected snails to
bright 1light ‘stimulates cercariae to escape from
their host and swim vigorously in the water.

Cercariae are then concentrated for hamster infection.
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the .eggs and swam to the surface (Ey a positive, phototaxis), from
where they were pipetted intg a small .petri dish. Miracidia were
.concentrated with a narrow beam of light and 'cm'mted under a
dissection— microscope. T;hese\ miracidia were then available for the
infection of a new batch of snails.. The life cycle of S. mansoni in
our laboratory is summarised in ‘Figure 2.1.

2.2.2 Membrane removal

Adult worm pairs of S. mansoni were obtained from hamsters,
infected 40-45 days previously, by cardiac perfusion with cold KRP (pH
7.4)' as described above. After several rinses in ié:e cold KRP the
. Wworms were counted und'er a dissection microscope and any that werf;
damaged or attached to blood clots were discarded. At '*Least 'S00
washed worm bairs were incubated in membrane disruption fluid. in a
shaking water bath (2 "oscilla(tions/second) at 4°C, for § minute;. The
membrane disruption fluid contained 0.5% \saponiril (Sigma Chemical‘ Co.)
a?d 3.0% ‘Ca Cl2 in 0.1 M Tris-sucrose buffér (pH 7.4), the complete
fluid being 350 mOsM (Instrumentation Laboratories ,osxqometgr).
Following incubation the worms were vortexed for 30 seconds at higﬁ
speed and filtered through a fine plasti‘c‘ mesh. The fluid resulting
from the first incubation was stored on ice and the womms placed in
fresh membrane disruption fluid for a second incubation of 7 yminut'es.
Worms from the second incubation were. vortexed aﬂd filtefed as
before. After each digest several wpm§ were removed‘and stored on
ice for electron microscopy. ] : a

The suspensions from both incubations were spun at 500xg for 10

minutes To Tremove larger debris. Membranes from both fractions were™

pelleted at 20,000 x g for 1 hour at 4°C." For enzyhe analysis‘ the

.

membrane pellets were _resuspended" in Tris buffer.

t




-2.2.3 Electron micfoscopy

Untreated S. mansoni adults and samples of carcasses from the

/first and second incubations were processed for electron microscopy.

Membrane pellets and worms were fixed for 3 hours at 4°C in 2.5%
glutaraldehyde/0.05 M cacodylate buffer with 3% sucrose and 2.0pM
tal;ium dcetate. After sever71 rinses in a solution containirig 0.05 M
cac:odylate and 12% .sucrose the fractions were postfixec% at 4°C in 1.0%
osmium  tetroxide in 0.05 "M cacodylate for 1.5 hours, washed in
distilled water and left in -. 50% s;turated .aqueous uranyl acetate
_ overnight. Specimens were washed repeatedly and dehydrated through an
ethanol series to propylene oxide. They:. were then infiltrated in
probylene oxide: resin mixtures and embedded in Araldite 600S5.

Thin sections (600 - 1,000A) were cut, with glaés knives, on a
Philips OMU 3 ultramicrototne._ Grids wefe stained with uranyl acetate

and Reynold's lead citrate and examined’ in a Philips 201 electron

" microscope.

2.2.4 Membrane Lipid Extraction

Prior to lipid extraction membrane pellets were usually washed
once, resuspended in Tris-sucrose and -either extracted immediately or

frozen until required. Lipids were extracted fo}lowing the method of

Bligh and Dyer (1959). The membrane preparations, in Tris-sucrose, .

were added to Zd volumes of é 2:1 chloroform-methanol mixture and

_stirred for at least 30 minutes. After filtering through Whatman

number ‘one filter paper (:?v'wusly washed in chloroform) the extract
. was shaken with 1/5th velume of de-oxygenated deionised distilled
water (boiled and cooled in a stream of‘nitrogen). The suspension was

left to settle in a separatory funnel and the lower layer drawn off,
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whilst the top layer was washed in chloroform-methanol 2:1. The lower

layer was decanted,'combinéd with the previously removed layer and
taken to dryness in a flash evaporator (Buchler Instruments). The
extract. was then resuspended in chloroform-methanol and either used
immediately or stored at -20°C. : -

4

2.2.5 Thin Layer Chromatography of Membrane Phospholipids

Phospholipid classgs were separated>by means of two-dimensional
thin 1layer chromatography-. on silica gel _G Rediplates (Fisher
Scientific): Immediately before use the plates were activated at
110°C  for  onme hour. Samples, in  minimal volumes of
chlbréform-methanol were spotted on the lower left hand co;ner of the
plate, whilst standards were spotted on 'the lower right. All
applications were performed under a stream of nitrogen 8aSa A variety
of solvent systems were tested and the following were found to yield
optimal separation. ¢ The first dimension was run  in
chloroform-methanol - 28% ammonium hydroxide (130:70:10) and the
second dimension in chloroform - acetone-methanol-acefic‘acid - water

(100:40:20:20:10) or butanol-acetic acid - water (130:40:40). Between
the first and second dimensions the plates were dried with nit{SEen
and a second set of standards applied. . Spots were visualised with
"iodine vapor or by spraying with sulphuric acid, followéd by charring
- on a hot plate. Major ‘pﬁOSpholipid classes were identified by
compari;on with the standa}ds included on each plate. Ninhydrin spray

was.utilised for phosmatidylethanolanfiﬁe identification.
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2.3 RESULTS

~

mansoni prior to membrane remogal and after removing the apical and
basal membranes, with associated pelleted matetial, age shown in

figure 2.2. Prior to membrane removal the syncytium is bounded by an

apical and basal- membrane-and contains two membrane-bound inclusion

bodies - the multilamellar Aand.discoid bodies (Figu:e 2.2a).

Following the first exposure to- the seponin:solution the apical
membrane was removed, leaving intact much of: the ;yricytial‘ mate_ri'al_, ;

including the spines and the basal Yhembrane (Figure 2.2b). The pellet

derived from the firsg saponm exposure contamed mostly membrane

material (Figure 2. Zd) whlch was characterised by havmg two bilayers

(Figure 272f), a feature con51stent w;th the apical membrane bemg a.

heptalaminate barrier. Following the;‘secon& saponin incubation, the
surface of S. mansoni was devoid of ‘syncytial material and the pellef
was characterised by the presence of Sp:mes and membrame material
(Figure 2. ie) " These results, -when considered with enzyme data
derived from these pellets, A;;pendix 11, (Podesta and McDiarmid,
1982) are con51sten1; W1th the eplthehal nature of the sy'ncytlmn and

no further purification of the membrane materlal was attempted

Phosphlollplds identified .in the ap1cal .membrane included

)

~ lysolecithin, sphingomyelin, phosphatidylserine, phosphatidylcholine,

phosphatidylethanolamine and a spot coO-migrating walth " .bovine

cerebrosides. Phosphatidylcholine  and  phosphat idylei:h,anolamine

' appeared to be the most abundant, based on size and density of the

spots. Lyéolecithin, sphingomyelin, pﬁqsphatidylcholine and
phosphatidylethanolamine .were found in the preparation of basal

membrane.
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Figure 2.2

3

'Electron micrographs of the _surface/ epi\theliaill_n
syncytium of S. mahsoni prior to and after sequential
removal of thev apical membrane compl‘ex. and basal
‘m'embi'anes. A, the normal surface prior to incubation in
thg xl;e;rxbrane disruption fluzg: B, surface after the first
incub:_ation in the membrane disruption ’flt;id. The apical
membrane and some syncytia; components are no fonger
present.' C, surfaée after the second 4ncub‘ati\on in ‘the
‘membrane .disruption fluid. 'I‘he'entire syncytium has been

removed, whilst the basal lamina remains intact. D and F,

‘ inembrane,pellets resulting from the first incubation; E,.

.

membrane pellet‘after the second incubation. A, B, C bar

represents 1.0 pm; D, E, F bar represents 0.1 ym,
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Following this cursory examination of phospholipid classes it

was decided that further purification® of membrane fractions,
especially the apical membranes, would be desirsble before further

characterisation or quantitation was carried out.

N .

-

2.4  DISCUSSION -~

, The prim‘y aim of t{l\is chapter -_' to obtain sepa:i'ate fractions
enriched with apical and basal membranes, has been accomplished. The
membrane removal procedure was adapted from l’(usel (19723, Wo’employed
it to obtain one undefined tegumental fraction. In the present. study
efpoSure times were varied umtil ~n;orphologica1 evidence indic§ted
separate removal of apical and basal membranes. Following the

procedure detailed pre'viously2 the first exposure to sapgx_in was found

to remove the apital membrane and approximatelyl, half of the tegumental

material (Figure 2.2). The basal membrane and spines remained °

intact. ‘Pelleted material resulting from this exposure consisted

predominantly of bilayer material. As most of the membrane in this
fraction was compésed of double bila);ers it must’ represent the apical
membrane gomplex. Although intact multilamellar bodies were not
observed in this fraction, such contamination is 1iléely and would pass

unnoticed if the multilamellar bodies -were disrupted. We have

evidence from ofher studies that disrupted multilamellar bodies can.

appear as ‘double bilayer structures (McDiarmid et al., 1982).
However, "as multilamellar bodies are éhe presumed precursors of the
apical membrane, such contamination should not alter the chemical
~ properties of the fraction. Discoid bodies are the other possible

membranous contaminant and few of these were observed in the pellet.
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The second exposure to saponin removed the remainder of the
syncytium; including the bflsal n}embrane. Following thi§ proceduyre the
general integrity of the surface was m.aintained,v. presumably by the
fibrous basal iamina (Figure 2.2). The pellet resulting from the
second exposure was more heterogeneous than that obtained from the
first exposure. Despite coﬁtaminating spines, this fr.action consisted
primarily of membranous material. The double bilayer appearance,
characteristic of the initial pellet, was not found in this fraction.

Purity of the membrane fractions was further quantitated by
assa(yiﬁg for ATPase activity: The results of this work are présented

in detail in Appendix II (Podesta and McDiagmid, 1982). ATPases are

the  most commonly used en_zyme' markers of epithelial membranes. In

particular ’\;\He oubain sensitive Na' - K' -activated, Mg2+ -

dependent ATPase has been demonstrated to have a ubiquitous- location

on the basolateral membranes of transporting epithelia (Grinstein et

al., 1980; Macknight et al., 1980). Jon gradients created by the

acti've extrusion of Na' are thought to account for the passive ent/fy
of Na® across the apical membrane down its concentration gradient
(Cereijido et al., 1980), passive .transport of- non-ele;:trolytes
. against their concentration gradient (Armstrong et al., 1979) and the
transport of water across the epithelial layer (Diamond, 1978). The
basal melebrane preparation deyt/bed' .in this study was found to

+

- ATPase (Podesta

and McDiarmid 1982). An ethacrynate-sensitive, Na' - Mgz* -

contain the typical oubain-sensitive, Na* K

ATPase was found to be associated with the apical 'membrane and

_probably functions to augment the regulatory cell volume decreasing

) func‘ion of the Na* pump ATPase. Previous reports concerning ATPase

. activity in the schistosome tegument have not localised the activity

-
t
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to particular ﬁembranes (Nechay et al., 1980). Ion dependencies in
these studies are also conflicting and suggest that« the activit; is
actﬁally the result of more than one ATPase in the experimental
fraction (Cesari et al., 1981). |
Saponin was the detergent of choice for membrane removal in
this study, as the surface membranes of S. mansoni are known to be
susceptible to the solubilising effects of this detergent (Kusel,
1972). Futhermore saponin, at concentrations below the critic;l
micellar concentration, has the ability to enhance ATPase actjvity.
Saponin has even been employed to protect enzyme activity from the

more severe effects of other detergents (Skou and Esmann, 1979). The

]
activity of integral membrane enzymes is thought to be stimulated in

the presence of saponin by the resulting increased permeability of .

membrane vesicles to ions and substrates of the catglyfic site of the
enzyme (Jorgensen, 1975; Hokin, 1981; Stekhoven aﬁd Bonting, 19%81).
Triton X-100 has been used to solubilise ‘schistosome membranes prior
to ATﬁase assays, however thiS‘detergent 1s known to decrease ATPase
activity thropgh its action on associated 1lipids '(Hokin, 1981;
Stekhoven and Bonting, 1981). |

| The initial" phospholipid characterisation suggests that

phosphatidylcholine is the major phospholipid of both apical and basal

membranes. Whilst the differences between the two preparations may °
b N

indicate a greater complexity of the apical membrane, it may simply

reflect increased amounts of lipid material in the fraction. The’

pholipids detected have all been found previously in whole worm

homogenates (Meyer et al., 1970). Further phospholipid quantitation

' was postponed until fractions of higher purity could be .obtained.

1

A - ’
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In conclusion, apical and basal membranes of the schistosome
surface have been separated and their asymmetric properties
demonstrated, providing .evidence for a transpdrting epithelial

function.



CHAPTER 3

PREPARATIONI AND PARTIAL CHARACTERISATION OF A WLTILAM’.I;LAR

BODY FRACTION FROM SCHISTOSOMA MANSONI

3.1 INTRODUCT ION

Schistosoma mansoni is well adapted to its parasitic mode of

life and can survive in the host circulatory system for years, despite
triggering a specific immune response. Attack by the immune system is
directed at the schistosome surface (Rotmans _e_t: al., 1981), which has
the unusual appearance of a double bilayer _structure (Hockley, 1973)
and (Figure 3.1). The additional bilayer, external to the plasma
membrane, has been referred to as a membranocalyx, as it was thought
to be the membranous equivalent of a glycocalyx (Wilson am.i Barnes,
1974a). However recent evidence sugge.sts that this is not the case
and further indicates the presence of a .carbohydrate glycocalyx in
addition to the outer bilayer (McDiarmid and Podesta, 1983). The term~
outer bilayer is employed here to refer to the outermost layer. Based
on its ‘fixation and staining properties under the electron .microscope
the outer bilayer and multilamellar bodies (MLB) are considered to be
composed primarily of 1lipid (Wilson and Barnes, 1974a; 1977). The
o;Jter bilayer is fouﬁd only in the blood dwelling flukes and is
| ,thought to render them insusceptible to host in:mne effectors (McLaren
and Hqckley, 1977). Several mechanisms €for this reéistance have been‘
proposed, including the binding of disguis‘ing host antigens (Smithers
and Terry, '1969b), reduced expression :of surface antigens, rapid

turnover (Wilson and Barnes 1979; Podesta, 1982a), reduced fluidity

(Johnson et al., 1982), low adhesive properties (Podesta et al., 1983)
Y ' 4
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Figure 3.1 Electron micrograph showing multilamellar bodies in

situ in S. maksoni. The multilamellar bodies (ML) are the

¢ presumed precursors of the apical surface bilayer complex

(S). The function of the other membrane-bound inclusion;

the discoid body (D); is not known. Bar represents 0.1 pm.

\
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and complement insensitivity (McDiarmid et al., 1983). As the outer
bilayer is thought to be of such importance to parasite survival in
the immune host, much interest has been centered around its mode of
formation and renewal. o

| Hockley and McLaren (1973) first demonstrated the multilamellar

nature of the schistosome surface and suggested that the membranous

bodies contributed to the surface, which is continually being broken

down and reformed. These membranous bodies have been given several

/ .
mames in the schistosome: literature (Morris and Threadgold, 1968;

Silk et al., 1969; Smith et al., 1969; Reissig, 1970), but will be

referred to here as multllameISr bodies (MLB). ‘We use MLB for the
sch1stosome organelles since this term has been used extenswely, for
years, -to refer to organelles of similar structure and proposed
function '\in' type 1II pneumocytes of mamnalian’ lung‘. " Lamellar
structures \are common "cellular inclusions and may result from one of
several diff\e\ﬂent mechgnisms (Mason and Williams, 1980). They may
arise from autop gy, or the catabollsm of intracellular organelles
as is common in cellular injury or nutr1t10nal stress, Cells degrade
phospholipids slowly and 1he resultmg _products may take on a lamellar
appearance, Abnormal degradat\xon of spec1f,1c_: lipids in cases of lipid

'd

storage disease re;ul‘fé -in . lamellar inclusions. Phagocytised
phOSphollpldS may also appear lamellar, as in alveolar macrophages
The MLB of type II pneumocytes from man;uhan Iung represent specific
synthésis’ and stofage sites of,phospholipid‘ prior te its secretion
'~ (Tsao, 1980). | : o .

The proposed role of schistosome MLB 1n 'secretion of the outer

bilayer bears some ‘striking smularltles to the ' mechamsm of

surfactant production in mammalian lungs. In tyje” II pneumocytes
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membrane-bound MLB originate in the golgi complex, fuse with the ,
plasma membrane and release their lameilate'contents onto the alveolar
« surface, where they spread out to form a thin organised layer of lipid
surfactant (Massaro and Massaro, 1976). Evidence for “a similar role
for schistosome MLB comes mainly from itransmi;s.(sion and free;e fracture. .
-electron microscopy studies of MLB (Torpier et al., 1977; Wilson.and
Barnes, 1977). Occ ¥ 11y MLB have appeared to be fusing with the
plasma membrane at the base of the surface pits (Bruce et al., 1970},
into which they are "thought to release their lamellate cbontenté
(Torpier et -al., 1977). The appearance of MLB in 'éhe tegument is

-

concurrent with the formation of the outer biléyer on the surface of

developing sghistosomula (Hockley, 1973). The staining properties of
MLB and the outer bilayer are similar in that both are osmiophilic and
stain with uranyl acetate and permanganate, which suggests that both
contain phos;;holipids (Wilson and Barnes, 1974a). Phospholipids are
also the major constituent of lung surfactant (Rooney et al., 1975).
There have been two main 1lines of inyestigation( into the,
function of schistosome MLB. The path of radiolabelled substrates has
been followed and the effects of compounds that inhibit or stimulate
' secreﬁon have been studied (Wilson and Barmes, .1974b). Results of -
labelling studies have been inc_c?nclusive, pértly due to the lack of
specifi.c‘incorporation into MLB or the outer bilayer. Suggestions of
a role for. MLB in phagocytosis have arisen from experiments where
external -horseradish peroxidase labelling showed incorporation into |
MLB (Smith et al., 1969). Incubdtion of worms with ouabain .resulted'
in a decrease in the numbet of .m;B in the tegument and a f‘lattening" of ’

\
the pitted surface, suggesting a dynamic relationship between MLB and

surface membrane pits (Wilson and Barnes, 1974b).




A third approach to the "broblem, _employ'ed .with-lung MLB (Weibel
{Pd Gil, 157'7)“is the biochemical an‘alysis'of MLB and the surface
ljayers; that the); are thought to produce. This approach has been
denied to schistosome workers. because of a lack of suitable
fraCti.onatiqn procedures. Subcellular fractionation of S. mansoni has
not been attempted (Wilson ar;d Barnes, 1979).

The aim of this study was therefore to obtain a relatfvely pure
fraction of MLB, using a technique modified from procedures for
isolating lung MLB (Hallman et /z_i_l_., 197‘6), and to perform initial
ch’aracterisation of the phospholipids and poss{ble enzyme markers of

the fraction,

3.2 MATERIALS AND METHODS

3.2.1 Preparation of multilamellar body fraction

Adult worm pairs were obtained from hamsters 40 - 45 days post
infection, as described previously and frozen until sufficient numbers
‘were obtained, Multilamellar bodies wefe prepared fo'llowing the
method of Hallman et al. (1976), }iwith some modifications.
Approxinna;tel'y 6 ml, packed volume, of wor;ns'were rinsed in 0.1 M Tris
buffef, containing*'o.s M sucrose and 0.1 mM EDTA, pH 7.4. A 40%
homogenate (volume/volume) was made w’ith the same buffer. jfen ml of
the homogenate was vlayered over a sucrose density gradient, comprising

10 ml of 0.8 M and 2.5 m) of 0.45 M and centrifuged at 86,000 x g for

40 minutes. The interface (2.5 ml) was collected and adjusted to 0.57

" M, by adding 0.58 M Tris-sucrose-EDTA (1:10). A'12 ml aliquot of thisf

was layered onto 10 ml of 0.8 M Tris-sucrose-EDTA and centrifuged at

55,000 x g for 120 minutes. Materials floating at the surface ‘and at
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the interface were collected separately, diluted with 0.4 M
Tris-sucrose - EDfA and centrifuged at 34,000 x\glfor 30 minutes. The
pellets were resuspended in 0.3 M Tris-sucrose - EﬁTA and centrifuged
at 34,000 x g for 30 minutes. The pellets were then eithef processed
for electron microscopy or resuspeﬁded for lfurther» analysés,
" Morphological examination of the pellets allowed the technique to be
refined and in later runs the ;sample was adjusted to 0.55 M
T;is-sucrose - EDTA before the second spin and the multilamellar body

fraction removed from the intérface only.
\ N

~

3.2.2 Electron microscopy

Pelleted material was fixed for electron microscopy, in situ,

as follows. The pellets were fixed overnight, on ice, in 2.5%

glhtaraldehyde, 0.1 M Sorensen's phosphate buffer (pH 7.4), containing

3% sucrose. After several rinses in 0.1 M phosphate buffer, with 4% -

sucrose, the pellets were ﬁostfixed for 2 hours in 1% osmium tetroxide

_in 0.1 M phosphate buffer and then washed repeatedly with distilled -

water. Following washing, the pellets were incubated at 4S§C
overnight in S50% saturated aqueous 'ﬁ;an&l acetate. Pellets were
washed and carefully scraped from‘(the test tgbes,’/before being
dehydrated through an acetone series (70%, 80%, 90%, 95%,‘2 x 100%)
for 10 minutes each, then twice in prOpyledE ;xide. 'The pellets were
infiltrated in propylene 6xide:' resin mixtures, embedded in Ara}dite
6005, evacﬁated at 20 lb/inchz, 45°C overnight and har@ened at
60 C.  Thin sections (600 - 1,000 A) were cut, with a qigmdpd knife,
"on a Philips OMU3 ultramicrotome. Grids were stained ‘with Reynold's

lead citrate and examined in a Philips Z01 electron microscope.

Ay
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Freeze thaw fractions of S. mansoni tegument were prepared

following the method of Kusel (1972). Approximately 300 'worm pairs
were frozen ip Z ml KRP, by immersion in liquid nitrogen. Immediately
on thawing, the worms were removed by filtration on plastic mesh. The
remaining suspension was dropped on to carbon shadowed, formvar coat.ed
electron -microscbpy grids and blotted dry from underneath. The
preparations were negatively stained by placing a -drop of
phosphotungstic acid stain (pH 7.4) on the grids, which were again
blotted dry. The grids, with no further staiming, were examined as
before. ' ’

3.2.3 Morphometry

To measure the purity of the MLB in the preparation, point

!

counting methods of stereology were used to determine the vplune
density (V v) occupied by MLB, contamination and enxp@ space (wguibel,
11979). Empty space was included as the anmalysis was conducted on a
pelleted fraction rather than a solid tissue. |

The optimal print magnificatié_n for analysis (M*) was 30,000
X. At magnifications much below thig it was difficult to distinguish
MLB and niultilam,inate stacks. Micrographs were taken at the lower
'l,eft hand corner of randomly selected support grids. A grid of dots,
\"spaced 1.4 cm apart, was drawn on acet;{’t/e sheets and laid over each 8-
.b"y 10 inch microg:iai)h.‘ i‘he distance between the dots (d;) was
~chosen such that d% (is gregter than) am, where am is th.e area in
cm2 of MLB at M=, 'The number of tesf points required to be applied

e

to each micrograph (P'l‘l) was determined from PT, = ATl/dz,

where AT, is the micrograph area available for analysis. A total of

252 ‘test points were applied to each micrograph. The number- of




micrographs required to form a représentative samiale (n) was found to

be 10, from the formffla n = P#T/PT,. P*T .is the number of test
points neecied to- satisfy the precision  requirement of 4% eéxpected

" relative standard error, as a percent of the mean. P*T was determined °

e

from a nomogram (Weibel, 1979).

e

13

. Counts were _performed. by scoring points overlying a MLB or
. obviously multila_yered" stack of bilayers and comparing to scores for
-+ contaminating components »ahd empty' sp,eicé. " Scores were tallied for

each micrograph and the mean of ten micrographs was calculated. No

‘representative samples were counted, one sectioned from the -centre of -

the pellet and one from the periphery.

3.2.4 Phospholipid analysis -

The MLB pellet was re§uspeﬂded in 0.1°M Tri; buffer (pH ,‘7.4,)
and the lipids extracted by the method of Bligh and Dyer (1959, as
descriped previously. Following extraction the lipids ‘we-re taken to
dryness in a flas_ﬁ evaporator aﬁd redissolved in small volumes of 2:1
chloroform-niethanol. S .

Phospholipi& classes were sep;'arated by  means of two-d imensional
thin layer’chromatography, on sil,i;:a"gel G Rediplates (Fisher

Scrmufm), as described above. Followmg Spraymg with H2804,
charred. Spots were carefully scrapedvoff the plate and the amount of

‘ . phosphorus -in each determmed by a modification of the method of

Rouser et al.,’ (1970).  (See Appendix I). The, phosphorus assay was
performed in the preseace of silica gel, which was rer.ﬂsved by
centrlfugatmn, before assaying the . pho'Sphorus “ content
colonmetrlcally, Protein was meaéured by the method of Lowry (1951),

using bovipe serum albumin as a s’ga;gda!d.
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Electron micrographs \showing material pelleted from
the ’ éucrose 'gradient. A material p¢lleted"from the
grad1ent surface. Arrows indicate neutral llpk, droplets

.~ and the bar represents 1.0 pm. B, low power view of the

" multilamellar bod§ pellet, collected from the gradlent

interface (Bar represents 1.0 pm).
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3.3 RESULTS

The less dense pellet, which floated on top of t;le sucrose
gradient contained almost no MLB, but consisted mainly of small,
non-‘smiophilic lipid droplets (Figure 3.2a). Loosely organised
membrane wag also present which, jﬁdgin’g by its heptalaminate
appearance, probably originated from the worm surface. The denser
pellet, from the gradient interface, contained many MLB (Figﬁrg
3.2b).‘ Results of .the morphometric analysis are shown in Table 3.1.
m occupied an .average of 313 of the pellet volume whilst
contamination accounted for 24%, with the remaining volume being empty
space. Of the‘ total volume of solid material in the pellet, MLB
accounted for 56%, which is a measure of purity of the fraction.
Actual purity may be higher thaﬁu this value as some MLB and stacks of
bilayers would not have been recogn‘isable, l;ecause ‘'of the plane of the
section. lLarge clusters of MLB were membrane-bound (Figure 3.3a),

like the aggregations of MLB in the sul;t'egumentary' xjegiéns of intact

cells (Wilson and Barnes, 1974a). Sa'n,e of -the MLB in these vacuoles

appeared to be immature since.they had homogenélous areas where the.-

v

lamellae  were not fully developed and \{eéicular inclusions were

il

power were found to consist of lamellate stacks when viewed at higher
. Voe '

magnification (Figure 3,3b), suggesting that they, were disorganised
MLB. The main con'ta.minat‘ion i;_} the pellet consisted of lipid droplets
of Various izes. .Unlike the MLB, the lipid droplets did not stain
darkly with osmium or uranyl acetate. = Small amounts of
nbn-multi’laminate membrane might have ’resulte(d from surface mén'lbrénq

contamination. No mitochondria were found in the pellet, but the

-

ny "of the osmiophilic membragous vesicles observed at low
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Figure:3.3 Electron  micrographs showing views | of the
mul;ilaﬁellar body pellet. A, membrane-boundzcluster‘of
multilamellar ' bodies, ranging from the immature
homogeneous stage (I) to the more fullf formed lamellate
type (F). B, multilaminate stacks of bilayers (M). Bars

L}

represent 1.0 ym. .
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Figure 3.4 ' Electron micrograph showing the apparent 19}1;\

core of multilamellar bodies. Arrows indicg:g the

apparent projection core. (Bar represents 0.5 pm).

.’
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y [ ‘
Figure 3.5 ° Electron micrograph showing a negatively stained
. ' ., ' . v . " B
preparation of multilamellar bodies. Arrows indicate thf .
. e ,“ -
apparent projection core of the multilamellar bodies+(Bar
N ' C T w
represents 0.1 ym). -
s ’ N " > »
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TABLE 3.1
- Morphometric .an;iysis of MLB fraction obtained from Schistosoma mansoni.
. . » | - QAfy |
‘ § V, occupied "$ V, occupied by  § V, 6ccupied by
by MLB contamination by empty space
" “Ppellet centre 28 24 | 48
LR Peliet periphery 4 - ' 25 41

Mean® 56 44 44 .

a ‘Mean values for 4V, occupied by MLB and contaminatiom exclude

’ v ’

values for 1V, occupied by empty space.
. ¥
o TABLE 3.2
Protein and pho§ph61ipid composition of the multilamellar body fractionm.

Substance . Total amount in pellet (pg)a
°\ . Phosphorus | 26+ 2.39
N~ e Phospholipidb'l . . 172 + 71.84
* Protein | 467  +  19.35
Phospholipid:ffrotein ratio 1.6:1 £ 0.08 4
) -

Figures represent mean values + standard error (n = 3).
Phospholipid values were derived by multiplying the phosphorus readings
by 30. . This figure was determined from phosphorus assays on known

*

amounts of standards on thin layer chromatography plates.




TABLE 3.3
Phospholipid classes present in the multimellar body fraction, expressed

as a percentage of total phospholipid.

Phospholipid % of total phospholipid®,
Phosphatidylcholine 57 + 2.67
Phosphatidylethanolamine ' 17 + 0.66
Sphingcnnyeiin 9 + 0.58
Lysophosphatidylcholine. 9 + 1.16

Cerebrosides present

a

Perceqgtages represent mean value + standard error (n = 3).



occasional discoid body was observed.

The average size of the MLB was 200 - 300 nm. The width of the
imner lamellae was ‘about 7nm, although where fhéy were closely apposed
the width hppearéd less. Spaéing between the lame}lae varied greatly,
from 3nm to 40nm. _Wﬁere‘these spaces were narrow, they had a éark
fuzzy appearance, rather than that of an ‘empty space between two
clearly defined _interfaces. The MLB had a trilaminate 1limiting
membrane, | |

Many of the MLB examined showed a definite protrusion, or area,

! [
_where the lamellae came together to form a disorganised focus (Figure

3.4). To determine- whether this phenomenon was artifactually created
during the fractionation and microscopy procedures a freeze-thaw

fraction was ‘prepared. This preparation was viewed with negative

staining, which omits ahy fixation or' dehydrdtion steps. MLB were
[ - ,

located in this preparation (Figure 3.5). Almost all of these MLB
displayed a definite core-like area, where the lamellae appeared to
convefge and exhibited a different, possibly hexaéonal, patterning.

.The MLB péllet had a phosphdlipid: protein ratio of 1.6:1

(Table 3.2). The percentage compésition of the phospholipid classes

can be seen in Table 3.3.

Y
.

-

3.4 | DISCUSSION
| ‘Unlike lung MLB, MLB from S. mansoni did not float on top of
the discontinupus sucrbsé_gradienf. Collection of MLB at the gradient
interfaéé suggests that the MLB I S. mansoni are more dense. These
results are consistent with th;jEZwer ph05pﬂolipidsprotein ratio of
1.6:1. found for §L~mansoni MLB. Phospholipid-protein ratios reported

for lung MLB fractions range from 1-12:1 (Page-Roberts, 1972;




Clements and King, 1976). It appears that the. lung MLB fractions have

a higher phospholipid content and therefore a lower density. |

- Morphometric analysis revealed that at least 56% (by volume) of
7the solid materi'e; in the pellet was MLB. A major part of the 44%

contamination cet;sisted of round .dropTets, which were not _highly

osﬁiophilic'or "densely stained v;ith uranyl acetate,' indicating that

they were probably neetr-al storage lipiéls (Gil and Weibel, 1970).

|
Some similar problems have been - encountered in - the

' 4

visualisation of 31ung and schistosome MLB and' their surface lining

layers. Weibel and Gil first demonstrated the surfactant layer in

196§,by employing lung perfusion and uranyl acetate post fixation,

65

Prior to the use of uranyl acetate as a €ixative the MLB and outer -
. ¢ ,

bila;yer of S. mansoni were poorly -visualised with routine
glutaraldehyde/osmium f1xat10n (Hockley and Mcl,are} 1973). . This
suggests that the schlstosome MLB and outer bilayer,. like those of
lung _(Suzukl, 1982) have a high proportlon of saturatéd 11p1ds
Saturated phosphohplds are ot expected to be well preserved ,by
standard fixetion pi'ocedure‘s in e1ectroﬁ~ miAcroscopy El;jmer . 1969),
51:1ce they<are not osmiophitic-due to the absence of ethylene bonds of
cis-unsaturated 1lipids, 'which reduce 0 O "to black 040, (911.
aid Weibel, 19703. Uranyl acetate is useful for f»i'x'ing lipid-rich

. _ ‘ . ’
tissues and it helps to avoid Ioss of phospholipids during extraction

(Gil and_Weibel, 1970). A protracted‘ yranyl acetate stain (Locke and

Huie, 1980) was utilised in this study to obtajp maximal staining ‘of

phospholipids. Acetone dehydration, was employed in processing the.

o

pellet for electron microscopy as ethanol %ends . to extract

phosph011p1ds even after fixation (Hallman et al., 1976). Finley et .

al (1968) found ethanol dehydratmn to decrease the volune of" ‘their

L4
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‘lung MLB pellet by' 60 - 65%. - In addition, ethanpl dehydration has
.~ been found to .,tlrast1ca11y alter the appearance of lung MLB and
surfactant layers (Douglas et al., 1975 Stratton, 1977) The large
’empty or- homogeneous spaces, previously reported w1thm sch1stosome.
MLB (W1lson and Barnes, 1974a), probaply represent similar ‘artifacts.
In~sectidns of the pelIet many of the MLB exhibited an area
showmg strlkmg similarities to the pro;ectlon core of lung MLB
(Stratton, 1978) The lamellae, as in the lung, appear »to orngt_nate
from this area. This was not an artifact of preparat'roni as it was
clearly visible on MLB from freeze-thaw preparatiéns, .which were not
' fixed prior to vieuing (Figuré\ 3/,5). l'ﬂ‘le apparent projection core of;'
S. mansoni MLB'may rgpresént a growth zoné of the lamellae, as in the
lung. hAltemati've'ly it could be the poiflt of fusion with the plasna‘
;nanbrane, from where the iaxpellae flow out to form the outer bilayer.
It is of interest at this point to cqnsidey the possible
developmental sequence- giving rise to schistosome- multilamellar
bodias. 'f’he developmenral pattern of lur;g'AMLB has been tra&e}‘i by
autoradiography and has ‘been found to,involve a transition from |
erldoplaamic‘ reticulu;, to golgi' buds, to multi've'sicular bodies (MVB),
f'to mamly homogeneous MLB w1th a few lamellae, to MLB packed w1th
lamellae (Lﬁssa‘ro and" Massaro 1976) A1l of the latter stages can be
seen m sch;sto,some MLB and the more homogeneous MLB are probably
ulmature, as they are found only in the cell bodies. Stressmg the
surface of S mansom by immune attack rasults in the appearance of
multxvesmular like bod1es in the tegment (Szmpson and McLaren,
1982). These may represent immature MLB whith are re;eased into the
tegument as a result of rapid Isur,f(‘ace_ membrane turnover to' repair the’

damaged surface. . /

_.\ ' .
~
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The analogy between ‘lung and -schistosome MLB mlght be
.criticized on the grounds that lung surfactant is a very specialised
substance w1th the speclfléimlctlon .of reducmg surface tension at an
air- liquid’ mterface ‘when the” sﬁ‘rﬁaemea is regluced (Hoffman, 1972)
- a functlon hardly applicable to the schlstosome surface Howevef",
on exammmg the phylogeny of lung MLB and surfactant it. N;uneé
' appArent- thet surfactant evoIved from a covering ongmally de51gned
to ‘offer protectaon to exposed cell sm'faces (Goniakowska -
. Witalﬁska 11980), The goldhsh swim bladder for instance has MLB
that produce a protectlve surface layer, with no' surfactant functmn
whatever (Pattle, 1976) . The presence of MLB as vehicles® for

‘secretion‘ of a protective 11p1d1c covering for cell. surtaces at

exposed 1nterfaces probably represents a more’ general phenomenon in .

animal cell biology. "_ I

oo i Smce 11tt1e 1s known of the b1xM1stW of §. mansoni
grganelle fract1ons (wllson and Barnes, 1977) it was difficult to
verify fractmn p@nty b1ochem1cally Houever, phosphat1d1c ac1d

phOSphatase (PAPase-) , utilised as a vmarker for lung MLB fractions

,',«—-('Meban, 1972 Spltzer £t al., 1975), was detected in the pellet’

(McDiarmid et al., 1982; Rahnan Podesta, 1982). , This enzyme had

not been descnbed prevrously from S. mansom. The high'level‘of

3 n

activity of thls en‘zyme suggests that MLB are not merely reservoirs of
' -

}presunptwe surface’ matenal * but\are acgvely engaged in the -

synthesxs and modulatzon of thIS matenal PAPase is a specific

veﬁzyme vuth a ffntral and probably regulatory role in ph05ph011p1d

g metabohsm (Schultz et al,, 1974) It hydrolyses phosphattdic acxd to

form dxacylglycerob- a precursor of phosphohplds. As a result-of

- . -
’ 3 . . -

67




the extremely large hmber of worms reQuired to make MLB pellets the
pelletg could not be screened for other enzymes.

’ PhosPhatidylcholine' was found to be the xhost common
phespholipid in schistosome MLB. Phosphatidylcholine \1% also the
mejofépQQSphOIipid in whole worms (Meyer ei al., 1970; Young and
Podesta; ’ 1982) and in lung MLB (Rooney et al., 1975; Xing and
MacBeth, 1981; . Suzuki, 1982). PhOSphat;dyiethanolamine and
lysophosphatidylcholine were abundant, at 17% and 9% respectively.
Both these phospholipids have been implicated in membrane' fusion
. (Lucy, jA 1970;  Kolber and Haynes; 1979; -Weltzein, 1979) and may
facilitate fusmn between MLB and the syrface plasma membrane.

: The grobable high saturation’ "the outer. b1layer and - MLB
phospholipids, discussed earlier, is of mterest Saturatlon of the
fatty acids is a, prerequisite for the surface active nature of lung
surfactant, as 1t increases the close‘ spacking of the pl{OSpholipids
within the bilayer (Shinitzky and Baremholz, .1978). If the -outer
bilayer. has 2 similar high ‘surface tension, then’ ;té secretion would

be expected to smooth out small irregularities (Gil and Weibel,

. 1970). _Release of the surface active outer ‘bilayer at the base of the

68

membrane pits would result ‘in the flat‘tenin“g out of that pit, thereby . -

3

,presentmg fresh matenal to the worn surfate. Schistosomes are known

to bind extraneous _proteins to the1r surface (Goldring et al.s 1976),

" which would reduce the su_rface acb1v1ty of the outer bilayer and cause
pits to form. x . 7
. .

The goal in the future studies on sch1stosonn=.r MLB m1ght be -to
determine the regulatory mechanusms wh1ch control the" rate of surface

9
" turnover. Control could “be ‘exerted at three main stages, at the

levels of synthesis transport' to the surface and secretion’ (Podesta,
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' gpreparations. .Imsunisstion with a chara_ctoriud surface membrane
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CHAP’I’ER4
@

 SEQUENTIAL REMOVAL OF OUTER BILAYER AND APICAL PLASMA MEMBRANE
 FROM THE SURFAGE EPITHELIAL SYNCYTIM OF SCHISTOSOMA MANSONI

’

4,1  INTRODUCTION

'I‘hé human imﬁme response to _S_ mansoni is directed against
surface mgmbrane antigens of the schisfosomﬁlar and adult stages of
the pa'rasite.- (Murrell et al., 1977; Rotmans and ‘Mooij, 1982)
Future efforts in diagnosis and- control of the diséase and elucidation
of immme evasion mechanisns depend on standard1sed isolation ‘
teclm1ques whlch will" allow the chemical characterisation of the
Arelevant antigens (Smps‘on and Smithers, 1980; Brink, 1982).

There are three main lines of investigation which have sought,
v_to characterise the schistosome surface. Firs;:, ‘external labelling
procedures, employing lectins or impermeant iodinated ni;arkers,. have
been utilised to characterise surface proteins and carbohydrates.
Problemsencountered with this technique include low levels of surface
labelling (Hgywga et al., 1979), inaccessibility of meabrane
proteins, dissociation of label, . ~possii>1e* penetration of” lal;ei,
labellmg of non-spec1f1;ally adsorbed protems (Hay\mga, 1982; Shah
‘and’ l’i«amasamy, 982) and exposure of parasxtes and laboratory personnel'

to gamma rad1at ion.

. a ’

Second the prospect of charactensmg and’ 1solat1,pg surface |

antigens: by mmcloml antlbodxes rns arisen (Taylot and Butterworth, R

1982 Strand ‘et al., 1982), however at present the ant1gens involved
,are 111—de£inod as- the antibodies are rhgd to luterogeneous

I

-

~ *
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preparation would presumably allow a much higher yield of ‘monoclonals

with specificities restricted to the schistosome surface.

?

Third, there have been several previous attempts to isolate the

" surface membranes of S. mansoni, but .they have reme{red varying. and

’

often ill-defined amounts of the tegument down to the basal lamina.

Kusel (1970; 1972) removed the surfaces of cercariae, schistosomula'

and adults with 1% Teepol 1§ Tween 80, saturated digitonin,, saponm
and calcium cl:}onde and freeze thawing. Other workers have also used
these procedures (Kusel and Macl(enzxe, 1975; Cordeiro and Gazzinelli,
1979) which ‘severely disrupt and}remove the entire .tegunen‘t, so that
the conit)osition and function of individual membranes {vithm the

tegument could not be determined. This is also true for the method of

Oaks et al. (1981) employing Triton X-100, where the entire tegument,
. - ”

including parts of the basal membrane were removed. Indeed the levels

of Triton X-100 used have been shown to cause muscle damage ’and .

inactivation in the subtegumental layers (Depenbusch etﬁ al., 1982).
Ill-defmed surface fractions have also been released by hypertomc
potassium chloride (Murrell et al., 1977; Rotmans and Mooij, $1982)
and with. another detergent Nonidet P40, which Jeleases * meml;rane

pﬁiteins, (Dissows et al., 1981;  Brink, 1982; Hayunga' gt al.,

highly ennc.hed in the aplcal membrane complex by mcubatmg the woTmS

in a balanced salt solution at 37 C for five m1nutes‘ and

-

subsequent 1y pelleting ‘the- m‘ed'iim. The purity of this preparation is
apparent -from. 1‘ts list of contents whxch include vesicles, red blood‘
cells. MLB, discoid bodies, mtochondru, nuclei and ribosomes.

+

1982). Simpson et al. '(1981) claim to have obtained 'a preparation .

-



The studies described above appear to have removed the entire
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tegument and have not therefore allowed characterisation of the apical |

membranes As discussed in Chapter 1, the schistosomes are unusual
.amongst para51t1c flatworms in possessmg an additional b11ayer on the
ap1ca1 membrane, Whlch has been implicated in pretection from mmune
effectors (Perez and Terry, 1973). The outer bilayer may be involved
in various postulated d15gu1se mechanisms (Clegg et al 1971; Damian
>Q:_ al., 1973; " McLaren et al., 1975), which have |recently been
questi.one'd‘ '(Dessein et al., 1981). It may also function as ﬂa
f11ter1ng device, affordmg d protectwe covering to the underlying
plasma membrane, as in gram negatlve bacteria (Kanai and Kondo,

1‘979). Gram negative bacteria also possess an additional bilayer

external to the plasma membrarie and the 'hydrophobic- - hydrophilic

balance of the outer- b11ayer is frequently reSpons1ble for the .,

- exclusion of certain molecules, e5pec1ally those of high molecular -

weight or bydrophobicity (Mannelia and Frank, 1982). The outer
bilayer is therefore freely perm’eable to small sol‘es and ionsg, ‘but
presents an effective barrfer to the larger, molecular components of ,
the immme response. Rapid renewal c;f the surface bifayers has also
been’suggésted as a i)ossible means by whicx S. mansoni avoids the
immune response (Wilson and Barnes,’ 1977). However, proof of surfa‘ce.
membrane function rests ultlmately on establishing methods Eor
isolgting separately ‘t{;md quaoutatlvely the ' various membrane’

components of the syncytium, especially the inner and outer bilayers
. s

-

of the apica"l membrane.
Other than the present ‘work, there have been two brief reports

of attanpts to .separate the outet and mner jxlayers from. the apn:al

: L

1\44



surface of S. mansoni. Wilson (1981)" compared' a freeze-thawed

preparation, which was waken as representative of the outer and inner
bilayers combined, with anvouter bilayer fraction, prepared by binding
cationised ferritin to the worm surface and then collecting shed
material from the medium. Freeze thawing is known to remove the
entire tegument (see above) and no prooﬁ‘for the selective shedding of
the outer bilayer wasL provided. Cesari (1981) - removed surface -
membranes from S. EEEEQEE. with the aid of polycationic beads, a
technique employed for the..isolation of plasma membranes in‘ other
systems. While this provides a cleaner membrane fraction it does not
address the problem of separating.outer and inner bilayers.

‘Despite the previous lack of success it was felt that the
separation of outer and inner bilayers from the surface of S. mansoni
was not an unreasonable goal. The reasons for thi’s deciéion'were'two
fold. The syncyti!l nature of the surface epithelium and
corresponding lack of lateral connecting membranes should,*
theoretjcally, make it possible ro sequentiaiI?\\strip individual
membranes from the tegument w1thout contamination from 1ntrace11ularﬂ
forganelles. Furthermore, con51derab1e success in b1layer pur1f1cat1on
has already been achieved in analogous systems, where an outer bilayer .
~exists external to the)plasma membrane. . Outer and inner b1layers have
been separated from gram negative bacteria (Osborn and bhnson,.1974;
 Mizushima and Yamada, 1975"Gmeiner and Schlecht, 19803 Veslemﬂy et
al., 1980), m1tochondrla (Schnai tman et al., 1967; Gurtubay et al
1980) and chloroplasts (§;ebertz et al 1979; Jemnings et al 1980)

This, chapter descrxbes experxments ‘that establish cr1ter1a for

the quantitative separation of inner and outer bxlayers from the
. ,/ B

".

-




-alternatively fluid was décantqd with a pasteur pipetée and the fluid
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apical membrane complex of the surface epithelial syncytium of S.
-4 [

mansoni.

H

4

4.2 MATERIALS AND METHODS

4.2.1 Sequential bilayer removal

Adult.S. mansoni were obtained from 6-week infected Syrian

hamsters, by]cardiac perfusion with cold Krebs Ringer Phosphate (KRP,

pH 7.4), as described previously. Eluted worms weré washed several

times in cold 0.1 M Tris buffer, pH 7.4, containing 0.2 M sucrose.

'Q
The initial exposure to digitonin was performed at' 0 C in a shaking

water, bath (3 shakes/second), with a hypotonic membrane removal fluid

_consisting of 0.1% digitbnin (Sigma Chemical Company) in 0.1 M Tris

buffer (pH '7.4) containing 12 M sucrose. On completion of the
incubation the worms were rinsed repeatedly with 0.1M Tris containing
0.2 M sucrose. The combined membrane removal and wash were filtered

through fine stainless steel mesh to remove: the womms, or

stored on ice. 'The worms were -returned to a container of fresh

membrane removal medium and the incubation 'and Jvashing procedures
repeated. Timinik‘of the digest periods was varied, as detailed

below Products om both digests were spun for 10 lﬁinutes”at 500 x g
, to remove debris, and: membranes subsequqntly pelleted at 35,000 x g

)

for 60 mhutes at4C : I P
/. o e

4 2.2 Eﬁctrdn microscopy

L}

©

A ‘concanavalin A (Con A) ferntm con;ugate, containing 5 mg/ml

ferntm, ,uas prepared accordmg to the nethods of Temmk et al




(1975) and dialysed extensively against phosphate-buffered saline
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(PBS). Five hundre“d worm pairs were incubated in 4 ml Con A-ferritin -

conjugate, at Ooc, with 2 shakes/second for 30 minutes. To remove
any unbound eonjugate the worms were washed six.times in ice-cold KRP,
with 3 incubations of 10 minutes each. “A\small samp}e of labelled
worms was processed for eledtron microscopy. The remaining 'worms were
subjected te two sequential eprsure;s to digitonin solutions of 20
minutes each, as detailed above. To hc;th membrane suspensio;s equal

| volumes of 0.1 M Tris containin‘g 80 mM (:aCl2 were added before

pelleting. The pellets were washed with 0.1M'Tris containing 80 mM |

CaCl, and respun.

The following samples were processed for transmission electron

microscopy', as detailed previously in Chapter 3: .untreat'ed' contrel
worms, Con A-ferritin labelled worms, labelled worms after the first
and second exposmes 0 the membrane removal flmd and membrane
pellets resultmg from both exposures. . .

Negative staining was performed, as described pre:riously. in
‘Chapter 3, on outer and inner bilayer preparations, freeze-thaw and
saponin surface preparations. '

1

4.2.3 [°H) Con A Labelling

7A‘pproximate1y 500 worm pairs were‘incub'ated in a shaking water
bath (2 shakes/second) :jft 0°c for 30 minutes,.\ in 2 ml KRP, containing
2 pCi [SH] Con A. To.remove unbound label the worms  were washed
extensively with icé-cold KRP., including 3 mcubanons for 10 minutes
-each in a shaking water bath, Sequeptial mcubatmns iz the membrane

removal fluid were' performed as described above. Pelleted membrane

fractions were resuspended in %00 pl water and solubilized overnight




in 1.5 ml NCS (Amersham), at 40 C. Carcasses were divided into

Several vials and similarly solubilised. All vials received 15 ml

75

" Scintiverse (Fisher Scientific) and were counted on a Beckman LS-255

liquid scintillation systgﬁﬂ. The entire experiment was repeated with
male and female worms being processed separately. . =

-

4.2.4% [1231] Todosulfanilic acid labelling.

| These e;(cperinients ;vgre designed to find the op'timal duration of
exposuye to digitonin for the sequential ‘r(emdval of outer and imner
bila;ers from the ‘surfaces of previously cultured worms. .The effects
of in vitro culture were -important as future experimpnfs would
_necessitate membrane removal from worms previously maintained in

‘culture. ' . T,

»

Groups of 100 worm pairs were incubated for 2 hours in medium

199, with 5% heat-inactivated human serum, at 37°C in an atmosphere of

5% @,. After severgl J/washes_ in ice-cold KRP the worms Were
) ¢ [125
e

labefled for 15 ' minutes with 0.1 mCi diazotised
iodosulfanilic acid, an impermeant marker, . prepared as per New

1]

England Muclear (iodosulfanilic acid, [12%1]-labelling kit), Any

~unbound label was removed with 6 washes in KRP, containing 1% bovine

serum albumin and two washes in KRP alone,

A éampie of 5 labelled wbm pairs was removed from each lot for

total radivactivity determinations. :The remaining ~worms. were

subjected to the' sequential digitonin exposure procedures debcribed
previbusly, to separaté the outer and inner bilayers. Lengths of

individual exposures were varied from 5 to 25 hinutes, whilst the.time

for completing both exposures was held constant at 30 minutes. Worm:

b .
carcasses and released products were assayed for gamma emission in a

A
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Beckman, Ganmle'Comter.

4 2. 5 Enzyme assays

Samples of 1nner and outer b1layer preparatlons (pellets and
,:”

QUpernatants) were assayed for the ‘following enzyme‘s ATPase act1v1ty

v

was measured for 15 minutes at 37°C accordmg to the method of Ryre
(1975) “PhbSphate liberated from ATP hydrolysis.was determined as per
Taussky ‘and Shor (1952) " Protein determinations were j.cenducted

‘ ' v ~

accordmg to é,’owry et a1 (1951) and Bradford (1976). Phosphatidate

phosphatase was as,sayed as per Rahnan and Podesta (1*982) Acidrand

alkahne phosphatase ‘and 5'-nuc1e0t1dase were _assayed as per Sigma

toe -

‘Chemcal Company technical bull ins, numbers 104 am} 675 -

respectively. A series of alkaline phosphatase aésaye was performed

with exposure times varying from 5 to 25 minutes,” in conjunction with

[125

the I1]-labelling experiments. Lactate dehydrogenase (LDH)

\
activity was measdrecl/ in the supernatants of the membrane . fractlons
spectrophotometncally followmg the method of Y]}ergmeyer et al.
(1965) . Supernatants were assayed for hemoglobmase activity, by the

}

- method of Timms and Bueding (1959).- ‘ Co e

- : B ~

Phospholipid separation and quantitation' was ﬁerformed as

described previously. Data are presented as meal}s and standard errors

L]

of sllo'pes and elevatigns of linear regréssion lines. Smgle k

classification anova. analysis of variance,” regression analysis and
. ‘ .

Student t-tests were used in significance testing (Sokal and Rol}lf,

1969).

4.3  RESULTS L. '~




4.3.1 Electron microscopy

Initial surveys of the pellets, resulting from two 20 ngiriﬁféf

exposures of fresh woms to digitonin, revealed both pellets"' tebe
composed almost entlrely of bilayer material (Figure 4. 1) ﬁﬁilst
initial exposure times of 15 to 20 minutes worked gell’?or fresh
worms, shorter initial e@osure times of S to..,lﬂ Jnmutes were
sufficient for membrane removal from worms prevmusly maintained in
culture (see alkalme phosphatase results). Inwf&on with the

Con A-ferritin conjugate did not greatly alter *';'ile normal appearance
of the worm surface and ferritin was bound to the outer bilayer

(Figure 4.2). After the first digitonin exposure there was only a

_'single bilayer remaining on the surface, although occasionally partsd

of the outer bila);er were observed to be still attached. Sheets and
whorls"of removed membrane were visible in close proximity to the worm
surface. Despite loss of membranous material the integrity and

b ]
general appearance of the tegument was not altered (Figure 4.2).

_ After the second ‘gxposure to digitonih "the tegument was' more
/

visibly disrupted, but stiil intact (Figure 42) In most areas the
~surface was no longer bounded by an apical limiting membrane and,
although the 'ground subs'eance of .the tegumen't had a -washed-out
_ appearance, the membrane-bound organelles were still mtac; Bilayers
with bound fﬁrrltm part1c1es were very numerous in the outer bilayer
Ifractlon following ;he first exposure, whereas the inner Enlayer
fractiop cox;tained less ferritin (Figufes 4.1; 4.3). The gut
. epithelium was of normal appearance in control and expenmental woTmS,

: Negauvelx/);amed preparations were emmed for further
chafacter?sanqn of the fractions. Both. outer and irner bilayer

fractions showed many membrangus vesicles. Those of the outer bilayer
: o o A




P -
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Figure 4.1‘ Electron micrographs showing oute;' and inner bilayer
pellets. The bilayer fra;tions were obtained from adult
S. mansoni pairs, previously labelled with Con A-ferritin
(F) and then subjected to two 20 minute incubations in the
digitonin membrane disruption fluid. A, outer bilayer
pellet re;ulting from the first incubation. B, inner

[
~bilayer pellet, resulting from the second incubation.

Bars represent 0.5 pm. : ’
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Rigure 4.2

#and C. S .

O

Electl:on mlcrographs showmg the effects of outer and .
inner bilayer, rgxoval on the surface S)’HC)’tllIl\ of S.
mansoni. A, the ndrmal 1ntact surface of freshly perfused.
womjls.. (M) 1nd1cates the multilamellar bodies in the
syncytmn (S} and (MF) the underLymg muscle fibres. B,
the - intact .parasite .syrface labelled with Epn A-ferritin, .
(arrows) on the surfece of the apical membrane éomplex.

(BB) indlcates ;he ap1ca1 double bllayer "Cy, the surface

4 of. Con A—ferntm labelldd worms after an jnitial 20'

minute incubatiod in the membrane dlsruptlon fluid, to

_ remove the outer bilayer. Note the _presence of a' single
j
- bilayer (SB)r on- tl‘xe woTm surface and adJacent sheets of

.removed membrane (R). . The - ground substance’ of ‘the

syncytium is of mormal appearance. D, t : su_rféce of Con .
A-ferriti.n labelled worms follo&ilng" arwsecond 20 minute .
Y B

mcubatlon in the fembrine disruption” flu1d to remove the

imnér bllayer Desplte the apparent lack of ‘a sdrface

" membrane ' in’ many areas the syncytwm remams basmalll,/

- 3.

mtaét?and mfpossessmn of _its usual complement of

mémbranehbound 'oréanelles : multllamellar b0d1es (M) and

‘discoid bodies, (D) The underlylng muscle f1l5res (MF) are '

"

also intact. 'Bars represght 1.0 pm in AJand D 0.1 pm 1n:" ‘
A .

~
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Figure 4.3 Electron micrograph showing Con A-ferritin bound to
| ~  the outer bilayer. ‘the outer bilayer pellet fraction was
removed from intact S, mansoni worm pairs, which had
previously been labelled with Con A-ferritin and then
subjected to a 20 minute incubation in the digitonin
membrane-disruption fluid. Arrows indicate the férritin

molecules. (Bar represents 0.1 ym).






Figure 4.4

Electron micrographs showing negatively _stained
preparations of outer and inner bilayers. A, outer .

I -

bilayer preparation n resulting from an initial'5: ﬂliﬁutc;.
exposure to the digitonin membrane disruption fluid..
Magnification = i08;750 X . B,A inner bilayer prepara'ation,.
reéulting from a subsequent 25 minute exposure .to the

membrane disruption fluid. Magnification = 71,250 x.
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Figure 4.5 . Electron micrographs showing negatively _stained
preparations of the schistosome surface. A .and B are
_preparations of surface bilayer material obtain_ed by a 30

minute incubation in the saponin membrané disruption

fluid. Many membranous Sheet$ are apparent, some with -

evidence ‘of apparent hexagonal patterning (A) and 6thers
lack this (B). (P) denotes crystals of the lead stain.
_ C, surface material produceds by the freeze-thaw method

described 'ir'l Chapter Z2» Note the greafer heterogeneity of

this preparation and lack of-apparent patterning. _(Bars' :

represent 0.1 pm). _ - Ca

4

’

/
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however ‘appeared more#.disrupted"and difficult ;co vismlise".(Fiéure’
4.4), Membranous vesicles weré also found in the freeze-thaw and
e sa-,ponin-,t;rea_lted ‘preparationl (Figure . 4.5). The freeze-thaw
| préparatio;n con'tlainéd the widest variety of structures.. -$ome of the
vésicles resulting from the saponin treatment showed a patterﬁed
effect dand the pbssible significame of this is described in the

discussion. - - 1

4.3.2 [°H] Con A Labélling . ( J ‘

Membrane Temoval procedures were ‘followed using (%4 con A
labelled worms in the ho\pé that Con A would allow quantlitation of the
success -of outc;.r bilayer. removal, in the absence of enzymatic markers
for the outer Bilayer. In all cases more tritiated label was
recovered in the outer bilayer pellet than in the ionner' bilay‘er.
pellet. When the amount of label in these two ‘fractions alone was
compared 88, 82 and 72% was found to be in the outer bilaye‘r for
femaies, ma%es and worm pairs resi)ectively. Carcasses remaining after
the digest were the most heayily labelled fractions for maies o;' wbrm'
pairs, while femies\yielded the majority of their label in the outer

- bilayer fraction (Figure 4.6).

s
v .
+ N -

4.3.3 [%°1)

Iodosulfanilic acid Labelling
As [3H] Con A was not ideal as an outer bilayer marker a

y series of experiments, designed in conjunction with those for alkaline

[ 125

.phOSphatase, were performed to test an iinbemeant label, 1] -

iodosulfanilic acid, as a marker for the outer bilayer.

The mean value for the total umber of counts -recovered . from

lots ‘of 100 'worms was 108 x 103 + 10 x 10° (n=10). Of these

. . ' . L] rd
e a2 ® .
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Figure 4. ' Histogram showing the distributién of [*H] con A,
_ - expressed as a percentage of total activity in carcasses’
(C), outer bilayer (0B) and inner bilayer (IB). Males,

females or pairs of worms were incubated with [°H] Con

A, as a label for .the outer bilayer. Groups of labelléd
worms were then exposed to two sequential inc&gtions in
the digitonin membrane disruption fluid to remove outer

and - then inner bilayers. Activity of [*H] Con A was
assayed in ' bilayer fractions resulting. from both

e . : : -
: incubations and in .the remaining carcasses. Values are

means + standard errors (n = 3).
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counts an average of 4% + 0.54 remained in the carcasses following

membrane * removal. 'Labelling of the inner and outer bilayer

“ preparations varied with the digest times (Figure 4.7). The majority

of labeé was located.in the outer bilayer fractmn and with increasing

94

length of 1n1tlal d1g1ton1n exposure times increasing amounts of label i}

were recovered in the outer ‘bilayer fraction. Excluding, carcass
labelling the outer bilayey fraction contained over 90% + 0.41 (n=4)
of the label following initial exposure times of 10 or 15 m{nutes. At
these time P\oints, therefore, the inner bilayer preﬁaration had less
than 10% contamination with outer bilayer. An initial digest of S

minutés resulted in removal of 75% of the label.

-4.3.4 Enzyme activity

Initial surveys for enzyme activities of the bilayer pellet
fractions sjuggested that alkaline ph65phatase was 10;:alised in the
inner bhilayer. Subseciqent experiments were designed to ‘find the
specific 'activity of alkaline phosphatase’ in outer and inner bilayer

4

pellets. A series of membrane removal experiments, run in conjunction

with those for [IZSI]-labelled worms, were performed us.ing alkajine _ h

phosphatase as a quantitative marker for the inner bilayer.

Using p-nitrophenyl phosphat.e as substrate (pH 9.6), alkaline
phosphatase was located predmimnt%y in the inner bilayer fraction
(Figures 4.7, 4.8) Specific aétivity of alkglihe thSphatase in'the

outer bilayer was not significant, having a sldpe of 0.27 (+0.02)

(P>0.05), which was "s‘ignifidantly different from that for the inner

bilayer at 1.48 (+ 0.05M®(P < 0 001), (Figure 4.8).
With increasing length of the initial exposure to d1g1tomn,

increasmg amounts of- activity were found in the outer bilayer

e
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Figure 4.7 -  Effect of,initial'incubatibn time on the distribution

[121] iodosulfanihjc acid and alkaline phosphatase

g . of
in outer and inner bilayex ffégtipns. All reblicates were
‘\perfgrmed on pai;s,éf ddulf'worms pfeviously maintaﬁped‘in‘
‘culture for Y hourg. Following culture, groups of worms
’wefe ‘labelled with [1251]' iodosulfanilic acid, as a
marker for the outer bilayer, and then subjected to two
sequential incubations in the digiQQniq\r ﬁgmbrAne
disruption fluid to remove th%L?uter and Imer bilayers.

‘ Total length of both incubations was held cbnstaﬁt at 30
| minuteé, whilst iﬁ indayidual experiments the, length of
- each digest was varied from 5 to ZS’mfnutes. For both the

[I2511° and alkaline phésphatasé resylts’ 100% ‘£ep§esents

~ total activity in outer and imner bilaxkr fractions. In a

separate series of experiments on .préviously culturéd
12
[ S

worms, run in conjunction with the 1] Tabelling
experimeﬂts, similar membrane Eemoval procedures: were
followed. Alkaline phoéphatase a;tivify was then assayed

- in both* bilayer fractions aéw a marker for the . inner
b}{ayer. Combined results of these WO series‘ of

- expériments the;efore allow quantitation of the purity of
inner and outer bilayemm fractions. The~{1251] data are

A

described by the line Y = 75.35 (+ 1.09) + 0.87 [+ 0.08)°
X, (P<0.05, n = 10)., The alkaline phosphatase data are

T, described by Y = 91.05 (+ 1.32) - 2.02 (+ 0.28) X, (P<:

0.01, n = 41). 'Bars indicate staﬂﬂarﬁ errofs of the mean,

4

“
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Figure 4.8

Specific activity 'of alkaline phosphatase in the
outer and inner bilayer fraction pellets. All Aexperiments
were berformed on pairs of adult w:onns, previously
maintained in culture for at least 2 hours. Quter ahd

imner bilayers were removed by sequential incubations of 5

‘ L 4 ' . A
and 25 minutes " ik . the digitonin membrane -disruption

. fluid. Alkaline phosphatgse. activity is expressed as

a

Sigma units (c) per 100-ml. ‘The slopes of the regression
lines are equiValer;t‘ to. specific activity of aikéline:
phosphatase. For gle outer bilayer Y = 6.44 (+ 0:43) +
0.27 (+ 0.0‘2)'“,“3,(':" i(P(0.00l', n o= 39). The slopeh'for
specific activity of .alkaline phosphatase in the 6ut'er;
bilaye.r i§ not signifiéant at P = 0.05. Specific activity
’:)f alkaline phogphatase in .the inner bilayer‘ is
significant (P<0.001) and is 5 times higher than in the
outer ﬂbi_.layer. The slopes are also significantly
different (P<0.001) indicating that alkaline phosphatase
is localised'in the inner biiéyer. .

v
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preparations, from previou.sly cultl'zred'v‘vorngs (Figure 4.7). At the
. ~ initial digi‘tonin exposure times of 5 minutes 81% + 3% (n=12) of the
aétivity was located in the inner bilayer pellet fraction, §u§gestiﬁg
194 contamination of the outer bilayer fraction with inner bila}rer'
material. For freshly perfused worms, exposure times of 15 ‘minutes
followed by 20 minites Srielded 89% +2% (n=10) of the alkaline

phosphataée activity in the inner bilayer pellet.' The latter results

were significantly different from those obtained .for worms cultured

" for 2 hours prior to manbrane‘renioval (Figure 4.7, P < 0.001).

The alkaline phosphatase was most likely membrane bound, as
material pelleted from the fractions contained 10 to 25 Sigma units/mg
protein, whereé; the supernatants had less t‘han 1 Sigma unit/mg

’ protein. ‘ |

LDH, a soluble cytosolic enzyme, was assayed in the
'-‘supernatants of the bilayer fractions to-quantit;te protein leakage ‘
resulting from damage to the integrity of the worm surface following

) .

membrane removal procedures. Increasing levels of LDH activity were

found in the outer bilayer' supernatant fraction with increasing length

of initial exposure to digitonin, whereas LDH activity in the inner
z bilayer supernatants exhibited the reverse trend (Figure 4.9).
However fraction.s resulting from lon'ger first exposures had a higher
degree of cross -contamination (Figure 4.7).- To correct for the
contamination, the décimal fraction (%) of total alkaline ﬁhosphatase
activity in the outer bilayer was “used as a measure of contamination
with inner bilayer at each time\ point. This -fraction' was subtracted

from the LDH results for the outer bilayer' and added to ihps‘e for the

inner bilayer (Figure 4.9). This procedure, which assumed that all

alkaline phosphatase activity was associated with the inner bilayer




Figure 4.9

.

Lactate dehydrogenase (LDH) activity " in the
supernatants of outer and inner bilayer fractjons
subject to varying 1engthe "of membrane disruﬁiion
incubations. .7ATl experiments were performed on pairs of
adult worms previously maintained in culture for two
hours. Lengths of first and second incubations, t¢’ remove .
outer and inner bilayers, were varied in the € manner
as in Figure 4.7. LDH, a soluble cytosolic eezyme, was
assayed in the supernmatants of “the bilayer fractioms to
quanti;ate protein - leakage froﬁ the worm surface
syncytium.  LDH .- activity was normalised to. carcass
protein. (A) For the outer'tilayer Y = 2.93 (+ df54) +
0157 (+ 0.16) X, (P<0.05, n = 10). Fof the inner bilayer
Y = 12.6 (+ 0.14) - "0.35 (+ 0.06) X, (P<0.001, n = 9).
(B) ! was derived from A by correcting for bilayer
contamination, as quantitated ‘by the alkaline phosphatase
results. (Figure 4.7). The contaminating fraction of.
outer bilayer with inner bilayer was subtracted from the
outer bilayer ‘results and added to the inner bilayer
results. B therefore illustrates the results expected 1f
the membrane separation technique-had worked perfectly.
No significant correlation was found between the outer
bilayef data and length of the first digest (P>0.05, n =
10). - For the inner bilayer Y = 24.0 (+ 0,82) - 0.46
(+0.15) X, (P<0.05, n = 9)." Protein leakage can therefore

be correlated with removal of the inner bilayer.
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(Figure 4.8), indicated that LDH activity was much lower in the outer .

bilayer supernatants than in the inner bilayer supernatants. f[‘he;s‘
was no longer a .significant correlation between LDH activity ,in the
outer bilayer supernatant and the length of the initial exposure to

digitonin, Conversely, for the inner bilayer there “occurred a more

positive relationship of LIH activity to digest time, as showh by the

‘increased slope of the regression line (Figure 4.9). .

Hemoglobinase activity was assayed in the bilayer fraciion
supernat;mts as a measure of contamination with gut contents and
epifhelial membranes. Hemoglobinase activity was not détgcfe_d in the
inm_er bilaye; supernatant and was‘ barely detectable at 1less: ‘than 5
nmol/mg protein in the -outer bilayer. " g

A l\ia+,h Mg2+-ATPase, described in Chapter 2 and in Podesta .
and McDiarmid (1982), was detected only in the inner bilayer fraction,
with a specific activity of 1.7+ 1.05 (n=3) mol pl;osﬁhox:us released
per g brotein per m\inute. Specific‘ ‘ag:tivity of the ATi?ase in thg
inner bilayer is abo;.tt five times greater than “in the ‘prev'icwsly
described ff'action’containing both biléyers. Despite its.appafent
localisation to the inner bilayer the Naf, MgZ+- ATPase was a less
c;onvenient marker enzyme than alkaline phosphatase. "I;he alkaline
phosphatase assay is easily pgrfogned and the enzyme i; present at
high specific activity. Tests for acid phosphatase, phosphatidic acid
phosphatase and 5'-nucleotidase - were negative for both bilayer

fractions.

4.3.5 Phospholipids

The phospholipid-protein ratio for the outer bilayer was found

to be X = 3.6 (+0.71), n = 8 and X = 1.5 (+0.29, n = 8) for the immer
)

é

]

3

e .



Figure
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]

4,10 - Thih layer chromatographs of outer (OB) and ipner

)

(IB) bilayer phospholipids. Outer. and immer bilayer
frac'tions.w;are obtained by sequential 5 and 25 m‘inute]
incubations in the digitonin membrane disruption fluid.
Lipids were extracted from, these fractions, spotte& on
silica gel G plates and run in 2 Qimensions. The solvent

system for dimension I consisted of chﬁloroform-methanol -

.| 281 ammonium hydroxide (130:70:10) and dimension II'

consisted of chloroform-acetone-methanol-acetic acid-water
(100:40:20:20:10). Spots were visualised by charring withy :
sulphuric acid. Standard$ were co—cﬁromatographed in the
margins of the p_late _: a, cerebrosides; b, lysophospha-

tidyl choline; c, phosphatidylcholine;, d, phosphatidyl-

. ethanolamine; €, sphingomyelin; f, phosphatidylserine.

Lipids in the inner bilayer: 1, lysophosphatidylcholine; -
2, sphingomyelin; 3, phosphatidylserine; 4, phosphatidyl
inositol; 5, phosphatidylcholine; 6, phosphatidylethano-

. lamine; 7, spot co-migrating with cerebrosides. Ligi'ds in

the outer bilayer: 1, lysophosphatidylcholine; 2, sphingo-
myelin; 3, phosphatidylcholine; 4, phoséhatidyléi’handla-
V4

mine; 5, cerebrosides.
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Figure.4.11

1
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' Phosphol1p1d canposltlon of outer and 1m1:r bllayer

[

and nmlnlamellar body fractions from S ni. Data

represents the .megn values from three expenments.
L -

Cerebro51des wer;é detected, but not quantitatecf.‘
Ly. - Ly%ophosphatidylcholine, Sp. - Sphingomyelin,

Pi - Phosphatidylinositol, Ps. - Phosphatidylserine, FPc.
Jhosphatidylcholine, Pe. - PhosPhatidylethanolami;:e;Ce. -

>

Cerebrosides.
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bilayer. This i’ﬁdicates that the outer bilayer is composed of
approximately :18% phosPholipid “ahdv the inner bilayer of 60% (ignoring
neutral lipid). Percentage composition of the phospholiéid classes of
qu:ter" and inner bilayer fraction’s'. and, for compari_éon, the MLB

fraction, are shown in Figure 4.11, (See also Figure 4.10).

4.4 DISCUSSION

- -

In the present study an attempt was made to‘ isolate the outer

104

(OB) and inner (IB) bllayers of “the aplcal membrane complex of the

epithelial syncytmn of S mansoru, us1ng conventxonal electron

~

microscopy and marker - enzyme quant1tat10n of membrane fractions
A(Km.zunz et al., 1981). Prekus efforts tol 1soiate the, surface
membranes of S. mansoni h@ve resulted - 11‘£,-the,‘ranov°al 3% both inner and
outer bilayers togethér and in mdst e.xperiments', + varying bamoun'gs of
the tegument and its assotiated mebrane - bound organelles '(Kus/ejl',
1972; Brink-et’ al., 1980;‘Siﬁpso}i'3t_'a_~1., 1980; Oaks et al.,  1981).
By contrast, following the initial.?xposure of the parasites to the
digitonin solution, used to remove the outer Pilay?f, the tegument‘was

intact and of normal. appearance (Figure 4.2c). OQver most of the worm

surface only a single bilayer was visible. The réirxafning bilayer was

virtually* absent following the second digitonin exposure, used to
remove the inner bilayer (Figure 4.2d). . Despite the latk of'a sgrface
membrane the tegument remuined~ intact and in hpossession of its usual
complement of membrane-bound organelles (discoid and mulﬁ]:amellar
bod1es). The basal membrane of the epithelial syncytium was intact

after both digests.

Persistence of internal structure and membranous inclusions, in’

-
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the absence of a limiti\ng membrane, has also been shown in hepatocytes
treated with 0.1% digjtonin (Fiskum et 'El., 1980). The i"ntegrit); of
the demembranated cells was attributed to the cell cytoskéleton, while
the internal organelle membranes were undamaged as a result of their
lower cholestero.l contént and correspo;lding reduced ls'usceptibil:lty nto
digitonin disruption (Bradley et al., 1979; Nakamura et al., 1979
Brocks et al., 1980). |

Diéitonin is a mild rén-ionic detergén_t,‘ which complexes
specifically with cholesterol (Akiyama et al., 1980; Fiskum et al.,
1980). 'It’tends nét to inactivate membrane-bound proteins’ (Thapg et.
al., 1980’; Rahl'n;'m et al., 198Ij as, a;t— low concentrations, it does not-
solubilisex e;xzymes out of the membrane, thus separating them from.
potential obligate phospholipid requirements '(POQesta and McDiammid, |
1982). ‘However‘, the saturated digii:qnin' ;olutions employed by Kusel
(19703 in membfane isolation procedures with S. mansoni probably would
- solubilise the membrane and extract and denature the proteins
(Gurtubéy et al., 1980). Digitonin is particularly useful in4me¥nbrane
or metabolite c’:ompartmeﬂtaﬁon st®ies ,anci has been used to separate
the plasma membrane from intermal 'organél'le membranes, based on’their
respective cholesterol contents (Brocks et al., 1980)": The outer
bilayer of mitochondria and chloroplasts is more 'susc;ep"cible ta.
digitonin than the inner bilayer and again this is5c‘orre1ated with a
higher—percentag'e‘ of cholesterol in the ’outér bilayer (Schnaitman,
1967; Gurtubayv, ‘g_t_ al., 1980; Le Vine et al., 1982). Membrane
susceptibility to disruptior; procedures is also positively correlated
with 1lipid content, with lipid—lrich‘ membranes being particularly
susceptible (Siebert:z _i al., 1979). The success of the digitonin-

membrane removal, described here, implies a difference in the
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cholesterol conteﬁts of the outer and inne‘r bilayers. As a shortex"
incubation time is required to remove the'outer‘bilayer than' the ‘inner‘
bilayer, the outer bilayer may- have a higher cholesté;ol content
(.Nakamura gf,il_., 1979). It 'has been suggested previously that the
ap‘icalzmanb‘ra‘ne complex of S. msoni is rich in cholesterol, based on -
an observed "digitonin shift" in the density- of membrane fractions
{Simpson et al., 1981b). Cholesterol is the major sterol present in
whole womms (Sm;th and Brooks, 1969). A high choles;erol content of
the outer bilayer 3night help to explain the low'fluidity t:epo_rted for
this membrane.(Johnsor\ll_ et al., 1982). The presence of high levels of
Jmemb’rane cholesterol is correlated with low fluidity (Hegner, 1976;
Schlz;ger' and Ohanih, 197.9) and also with an increased resistance :g\'
thé‘damaging effects of couq)le;uent (Schlager and Ohanian, 1980a).
Negative staining {is.r.ou.tinely employed as a fast and simple
method of nionit,oring membrane f,ractions‘ (Mizushima and Y}:mada, 1975,
Coulton 4nd Murray, 1979; Kamio and Takahashi, 1980; Veslemgy et al.,
1980), although this t*ec}'mique has not @n previously -applied to
schistosomes. Negative stai;ling~pattems of the outer and 'ini)ef
bilayer/ preparations (Figure, 4.4) tend to confirm the greater
suscégtibility o'f the outer ;ilayer toﬂ digi’toni.n, as these 'v'e:sicles
are more severely disrupted aﬁd possibly show some evidence of pit
formation resulting from, cholestgrol: d}gitonin complexes.  This
contrasted with the inner bilay/e;‘ vésicles which were not disrupted -
and were lacking in pits. The hexagonal patterning of saponin:
cholesterol_ complexes can also be s‘een in the apical membrane
preparations, obta‘in‘ed with saponin, but they are lacki-ng in the
detergent-free_, freeze-thaw pi'epa;'ations of tegument met;lbranes (Figure

4.5). ' -
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Many workers have shown binding of éon A to 'the' surface of S.
mansoni (Bennett and Seed, ‘1977;‘ mrrell et al., 1978;A Simpson and
‘Smithers, 1980; Torpier and Capron:> 1980). Binding of Con A to adult
WOTmS is reported to be specific, restricted to the extemal surface

and stable in non-ionic detergents., Con A has therefore been

recommended as a useful marker for the schlstosome surface membrane

(Caks et’ _g_l_., 1981), owever, has also been shown to damage
the tegufgnt (Simpson an McLaren 1‘982) In the present stud-y the
use of Con A as a label for the outer bilayer proved to be
unsatisfactory. Con A-ferritin did bind to’ the worm surface, but not

. in large amounts (Figure* 4.2b). The Con A-ferritin complex is lari;er

and less pliable than native Con A and steric hindrance may have

prevented it from reaching some membrane sites (Ackerman and Freeman,

1979). In the memb ane pellets the conjugate was quite dense,
espec1a11y -in the outer bilayer pellet (Figure 4.3). Although
str1ctly quantitative procedures were not folloyed, larger amounts of
ferritin were present in the inner bilayer than expected and thlS may
“indicate dlssoc1at1on and re-assoc t_n}n of label. Re-association,
.internalisation or trapping.of label is also suggested by the results
of experimeénts with LSH] Con A‘(l:igure 4»..6). In all cases the outer
bilayer was more heavily labelled than the inner bilayer fract'ion ‘but
for males alone or worm pairs most of the label remained with the
carcasses. Label is probably trapped in the gynetophonc canal which
has been shown to be intractable to membrpne-removal procedures (Oaks
et al., 1981). Even Triton X- 100 dlsruptxon of the entiré tegument
failed to remove 20% of thé surface bound Con A (Oaks eTta_-l., 1981).

" Impermeant iodivéj markers have p.rovi.ded a useful -alternative
for the identification of -surface membrane compohents, where th:
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enzymatic or morphological characteristics of that membrane were

‘'unknown (BEdwards et al., 1979). Several methods have been used to

iodinate the éurface components of S. mansoni, both directly (Hayunga
et al., 1979; Rumjanek, 1980; Snary .et al.,-1980; Taylor et al.,
1981; for a’'review see Hayunga and Murrell, 1982) and indireétly by‘
the use of iodinated lectins (Simpson et al., 1980). Bound lectins
may alter membrane structure gvTorpier and Capron, 1980) or dissociate
and re-associate (Simpson et al., 1980):~ Of the direct methods
mploYed,' lactoperoxidase-catalysed ’iod'inationJ of S. mansoni adults
has produced varying results f(Hayunga et al., 1979; Snary et al.,
1980) and may label only a éew of . the surface components, possibly
because of its specificity for tyrosine (Hayunga and Murrell, 1982).
Lactoperoxidase will 'also associate non-specifica.lly with the
schistd®ome surface (Shah and Ramasémy,‘ 1982). The Bolﬁon-Hunter
technique has been used to. iodinate surface proteins, but it ha$ not
been concluﬁi'vgﬁr demoﬁstrated to be impermeant (Hay{mga, 1982).

(12511  jodosulfanilic

However, radidactively labelled diazotised
M 4
acid has been shown not to penetrate erythrocyte membranes (Edwards et

al., 1979). It can be synthesised at high specific activity for use

at low concentrations and it binds éovalently under mild conditions.
The negat{ve charge on the parent molecule retards entry into the cell
(Edwards et al., 1979; Hayunga, 1982). Taylor et al. (1981) have

successfully labelled S. .mansoni surface proteins with this reagent.

[ 4

- For these “reasons the latter method was used to label the outer

bilayer in the pre'sent study . _
Our results confmirm the  impermeant nature of [1251)
iodosulfanilic acid ™ Almost all of the bound label was removed during

initial exposure to digitonin and only 4% remained in the worm
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carcasses after membrane removal. Initial exposure times of 10
minutes or more resulted in over 90% of the [1251]' being localised
in the outer bilayer fraction (Figure 4.7). This suggests that, at
these time points, over 90% of the accessible outer bilayer had been
removed. CorreSpondingl),'., él_le inner bilayer pellet would have less
than 10% contamination with outer bilayer.

In studies of membrane i;urification it 1is necessar)fto have a
marker for identifying the purity of the membrane fractions (Waldman
and Chepenik, 1980). This is usually accomplished using enzymes
unique to the membranes being isolated. Since the outer bilayer is
unusual, we did not assay for unique enzymes but, as discussed above,
we used [1251] as a\marker for this outer bilayer. If the outer
bilayer is a specialised secretion, as suggested 'by the absence of
typical plasma membrane enzyme markers (see below), then the inner
bilayer should be analogous to the traditional plasma membrane of
other cgll types. Alkaline phosphatase and 5'-nucleotidase are two
comnonl); ‘used plasma membrane markers (Waldman and Chepenik, 1980).
5'-Nucleotidase was not detect!d in either the outer or inner bilayer
fraction. The 1ac1; of 5'-nucieotidase is not surprising as in other
€épithelia it has a polarqised distribution, being founﬁ only in the
basal-late;'al membranes of the epithelial cells, but not in the apical
membrane (Hanna et al., 1979). Alternatively the enzyme may be
present, but iphibited by digitonin or enzyme activity may be masked
by the 'high lf):ls of‘non-5pecific phosphatase activity. | Simpson et
al. (198la) refer to b-AMPase activity in the schistosome tegument,

but restricted specificity was not demonstrated nor was polarity of

the enzyme distribution examined.
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Alkaline phosphatase has been located in the tegument of S.
mansoni by other wbrkers (Dusanic, 1959; Robinson, 1961; Bogi‘é;ch and
Krupa; 1971; Cesari, 1974; Cesari et al., 1981), but has not been
previously localised to the inmer bilayer. Specific activities of
alkaline phosphatase iq outer and inner bilayers suggests réstriction
of alkaline phosphatase to the inner bilay;er (Figurev4.8) and this
may help to explain the. inability of ﬁvans and Payares - (1981) to
iodinate it with the Bolton-Hunter techniq&e. At ‘the initial ‘exposure
time of S mihutes, 83% of -the alkaline phosphatase activity was

contained in the. inner bilayer fraction. Under these conditions,

~ therefore, the outer bilayer fraction contained approximately 17%

contamination with inner bilayer material. When these results are
combined with those of the iodination experiments (Figure 4.7) the
optimal initial exposure time for the -sequential removal of both
bilayers is 5-6 minutes. Cross-contamination of the fractions at this
point is under 20%. Small amounts of the imner b11ayer were left on
the worm carcasses after both digests, but this was" not quantitated as
the marker for the inner bilayer, alkaline phosphatase, also‘ occurs at
other sites in the womm (Dusanic, 1959; Nimmo-Smith and Standen, -
1963). The digitonin incubations did not remove membrane from the
schistosome gut‘hej‘pitheliun, as evidenced by normal gut"morphology and
low levels of hemoglobinase activity, detected only féllowingv the
initial short exposufe to remove the outer bilayer. .

Freshly perfused worms appear to be more refractory to n.nembrane
removal with digitonin, as longer incubation times were ‘réquired to
reinov;e the bilayers. This was evidenced by -the higher levels of
alkaline pho‘sphatas;e in the inner bilayer fractions at the longer'
initial exposure times oﬁf 18 or 20 minutes. Maintaining worms in

Y
EY
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culture for just two hours would therefore seem to significantly alter
- . ' - -
" +their surface membranes, making them more susceptible to separation by

exposure to digitonin. Womrms transferred from hamsters to culture

have been shown to undergo a period of métabolic adaptation (Rotmans

et al., 1981) and Hymenolepis diminuta maintained in culture for just

30 minutes has surface that is more accessible to iodination
(Knowles and Oaks, 1979) and whose transport _properties cha;lge
_ dramatically (Podesta et al., 1977). S
| ‘Acid phosphatase has been reported from the tegument of S.
mansoni, although not in association with membranous inclusions (Watts
et al., 1979). No acid phosphatase activitjy was found in our bilayer
pelleté. Phosbhatidate phosphatase activity was not detected in
either fraction, but has been reported from the multilamellar bodies
(Ra}mén and Mesta, 1982). A Na+, ‘r)dgz"-ATPase described from
other apjcal epithelial memf)ranes, was distributed in S. mansoni
between the inner and outer bilayers in a pattern si;nilar ‘to that
observed for alkaline phosphatase {Podesta and McDiarmid, 1982) .
Previous description.s of ATPases from S. mansoni have been from i‘mpure
preparafions, resulting in several ATPases being assayed together
(Nechay et al., 1980). ]
Although the innel: bilayer shares several characteristics with
apical plasma membranes of other epithelia, the outer bilayer does not
appear »‘t‘o be anélogous to a traditional plasma membrane. It lacks the
ATPase "and alkaline phosphatase activities usually associated with
apical ’epitheléal“membranes. The outer bilayer of gram negative
; bacteria ‘also has very few known enzymes compared with the inner
bilayer (Osborn et al., 1972; Osborn 5and Munson, 1974).

Phospholipases have however been detected in the outer bilayer of

J _ A .
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bacteria (Orndorff and Dworkin, 1980). Disruption of the permeability
properties of the apical membrane complex and subsequent leakage: of
soluble cytosoiic proteins;wés'quanfitated by assaying LDH dctivity in
the supernatants., LDH was used as a high molecular weight marker for
cytosglic proteins (Brocks et al., 1980; Fiskum et al., 1980). After
the LDH results had been corrected for contamination, by means of the
corresponding alkaline phosphatase data, the 1levels of -LDH released
following removal of the outer bilayer were minimal. LDH éctivity
released into the ;;pernatant fraction upon removal of the inner
"bilayer was greater and increased with increasing length of the second
aigitonin'exposure (Figuxe 4.9). Little LDH was released fblléwing
removal of the outer bi1;>er and these re;ults suggest that the outer
bilayer is not necessary for the maintenance of a functional barrier
to soluble protein leakage. A further indication of this is'givenmby
the absence of a '"washed-out" appearance of the syncytium after
removal of the outer bilayer (Fig 4.2c). Even minor digitonin-induced
disruption of the hepatocyte plasma ‘membrane Tesults in protein
leékage and a "washed-out" appearance of the cytosol (Fiskum et al.,
"1980). Pieces of the outer bilayer have been observed to be missing
from normal intact worms (Hockley et-al., 1975), supporting the idea
that the outer bilayer is not essential fo} surface intedrity.

Although further studies are required, it appears that the
outer bilayer is not a traditional osmotic barrier characteristic of
. plasma membranes and, therefore, the usual action‘of some host immune
effectors will.'be ineffective against the ‘worm. For example, the
"hole-punching'" mode of action of complement will be ineffective
against the outer surface of the adult worm, given that the outer

bilayer is not a typical osmetic barrier (Lauf, 1978). The detergent




action of compiement on' membranes that are not osmotic barriers is
much less efficient (Mayer et al., 1981). .

It has previously been suggested that the outer bilayer of §S.
mansoni is enriched in 1lipid, as it ‘is selectively fixed with uran):l
acetate (McLaren and Hockley, 1977), which is known to fix lipids.
This ié especially noticeable for saturated lipids, which are not

osmiophilic (Gil and Weibel, 1970). Up to 90% of externally applied,

impermeant, iodinated markers have been recovered in the lipid phase

{Wilson, 1981) and Kusel (1972) found it necessary to remove lipids

before thloramine-T labeliainé of the parasites.

The apical membranes of S. mansoni weré found to be lipid rich,
with an average of 69% phospholipid content (this value does not take
the neutral lipids, which were not quantitated, into account). As
expected, the outer bilayer contains relatively more phospholipid than
the inner bilayer, with a phospholipid-protein ration 3.6:1, coﬁ1pa}red
to 1.5:1 for the inner bilayer. ’Althoujh bacteria - show' extreﬁe
variation some species have been reported with a higher percentage of
phospholipid in ‘the outer bilayer than the inner (Mizushima and
Yamada, 1975; Orndorff and Dworkin, 1980). It is also common' for the
lipids of the outér bilayer to be more saturated (Ishinaga et al.,
1979; Gmeiner and Schelcht, 1980), as has been proposed for.S. mansoni
(McDiarmid et al., 1982). There are some problems inherent in the
determinafion of a pﬁospholipid-protein ratio, especially where
detergents are involved. Phospholipid-protein ratios reported from

*

" mammalian lung surfactant range fram 1-12:1 (Clements. and King,

113

1976). Detergents may selectively extract and solubilise certain .

proteins and lipids (Thang et al., 1980; Le Vine et al., 1982). The

protein content of the outer bilayer may actually be slightly higher

/|
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than given here, as sialic acid-containing glycoprotems, which are
found in the outer bilayer (Simpson and Smithers, 1980 McD1am1d and
Podesta, .1983), are especially susceptible to digitonin solubilisation .
(Le Vme et al., 1982). Membranes with a high 1ipid content may also .
have more proteins solubilised by.detergents, such that more protein
may be s_olub1llsed from the outer bilayer, as it has -a higher
phospholipid-protein rétio. A similar phenomenon has been found in
mitochondria °(Glirtubay et al., 1980). |
Phosphatidylcholine was the major phospholipid in both outer

and inner bilayers and is also the predominant lipid in whole .worm.s
(Meyer et al., 1970; Young and Podesta, 1582). Differences between
the two bilzjlyers wére quantitative, rather than qualitative.  The
outer bilayer is composed predominantly of phosphatidylcholine, whilst
the inner bilayer has a composition almost identical to that reported
from other plasma membranes (Koizumi et al., 1981). The high levels
of phosphatidylethanolamine in the inner bilayer and MLB (McDiarmid et a
al., 1982) ,Y are of. interest, as phosphatidylethanolamine is recogniséd
as a modulator of membrane-membrane contact (Kolber-and Haynes, i979)
and may encourage fusion of the MLB with the ai:ical piasma membrane
(IB).

| Having’establis’hed at least qﬁantitative dissimilarity between
the bilayers it remains a matter of speculation as to how these
differences are initiated and maintained. Spec1f1c phosphol1p1d
transfer protems may be . 1nvolved, as in the lung (Tsao, 1980), there
may be specific phosopholipases in the_ b11ayers (Osborn, et al.,
1972), or the membranes and their individual lipids may have different
turnover rates (Ishinaga et al., 1979). Phospholipid turnover in the

bilayers is the subject of the next chapter. It is also. possible

PEY hd
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that, as in bacteria, phospholipids are synthesised or acylated by
. enzymes of-the inner bilayer (White et al., 1971; Osborn and Mn;son,

1974), allowing intimate control of medbrane lipid synthesis.

Whatever the mechanism, it is. widely 'fécbgnised that the lipid

camposition of- xfxe ‘surface membrane will greatly influence the outcome
_ of any, immme attack (Kanai-and Kondo, 1979; Schlager and Ohanian,
-1979).




CHAPTER 5

'INCORPORATION AND TURNOVER OF PHOSPHOLIPID PRECURSORS
‘ "IN SCHISTO e :

4

5.1  INTRODUCTION | ’ ’

The protect'ive immune response of the mammalian host to

Schistosoma mansoni is both stimulated by and directed towards the
surface of the parasite (Kusel et al., 197§b; Rotmans and Mooij, 1982;
Taylor and Butterworth, 1982). Earlier suggestions that this criticgl
interface, the outer bilayer, might be composed primarily of lipid-
(McLaren and Hockley, 1977) have recently been confirmed (McDiarmid
and Podesta, 1982). The possible significance of the oute’r bilayer
lipids of S. mansoni in immme evasion may -be inferred from recent
studies of several systems, where 'thé outcome of immune attack is
greatly ’influenced by the lipids of the surface membrane (Kanai and
Kond'o-,‘1979; Schlager, 1979; Schlager and Ohanian, 1979). Lipids are
no longer viewed as the inert buil,diﬁg blocks of ri!etpbranes; but are
’widely recognised as direct participants in and modulators of membrane
function (Cullis et al., 1980).

| . Known functions of. hembrane phosphoiipids which might
facilitate schistosome survival in an immunologically hostile ’
environment include an involvment in’ calcium transport and membrane
fusion kCulli's et al., 1980). The outer bilyer of S. mansoni h.és
the al;ility'to form areas of fusion with rihe ’plasma membrane of
‘neutrophilrs and this has beén propoged as a mechanism preventing
damage by these cells (Caulfield et al., 1980; Caulfield g:t_ al.,

116
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1982). 'Survivai'of tumour ceils, following attack by antibody and .
camplement, has been correlated th increased lipid synthesis.
_ (Schlager, 1979) and with lipid m&tion, resulting in a decreased
fluidity of the surface membrane (Dahl et al., 1979; Schlager and
Ohanian, 1980a). Recent evidence indicates that the outer bilayer of
S. mansoni has very low fluidity (Johnson et al., 1982). Resi%tahce.
to cell-mediated immune attack has also been shown to depend on the
‘ lip;id composition of_Ehe surface membrane (Kanai and Kor}do,‘ 1979). ;

‘The importance of 1lipids to the evasion mechanisms of S.
mansoni was suggested by the experiments of Rumjanek (1981), where the
ability of human senml ‘to confer resistance on young schistosomula was
éb’rogated_ when the serum was previously de-lipidated. The dynamic
role "of surface r;xembrane lipids in S. mansoni however, has recgived
little attention. Samuelson and Caulfield (1982) 1labelled surface,
glycolipids with p?riodate oxidation, follo;:d by reduction with Na
B’H4
vitro. The amount of label was found to decrease with time in

and followed the loss of this label from the surface in

culture, with an average half-time of 10-12 hours. This turnover rate
was similar to that for. glycoproteins, suggesting that the membrane

‘was shed as a umit. (143

1] Labelled membrane lipids were also found
to be shed into culture media _1_g vitro (Rumjanek and McLaren, 1981;
Wilson, 1981), with a half-time of 6 hours, or 3 hours when stimulated
(Wilson, 1981). Several workers have proposed that rapid turnover\of ,
the surface membra‘nes' of S. mansoni might constitute a defense
mechanism, by allo“uing loss of 'taréet antigens and the clearance of
inm;mologically compromised areas of membrane {(Wilson and Barmes,

L]

1974b; Kusel et al., 1975b; Dessein et al., 1981; Podesta, 1982a). As

a .

a general phenomenon rapid membrane turnover +is thought to allow

‘
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painteﬁame of membrane .in_a virgin state, with the surface receptors
uncluttered by bound ligands or adsorbed molecules (Doljanski and
Kapeller, 1976). Turnover of the surface of S. mansoni is thought to
be- 3 rgpid proéess, with most estirﬂgtes of half-tix}le in the range of
2-10 hours (Wilson and Barnes, 1977; Dean and Podesta, 1982; Samuelson
and ‘Caulfield, 1982). Attack by' immune cells may accelerate the
normal shedding of the surface (Caulfield i al., 1982). Sh:dding of

large amounts of surface membrane antigens may encourage the
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development of immunological tolerance and circulating immune,

complexes could block specific receptors on immune effector cells.

Despite the widely recognised importance .of the dynamic nature
of the schistosome' surface, no studies th date have specifically dealt
with turnover of the major component of the OB; namely phospholipids
(McDiérmid and Podesta, 1982). A controversy exists in cell biollogy
as to whether membrane lipids a;ld proteins turn over at the same rate
(Cohen and Phillips, 1980), or with different half-time§ (Siekevitz,
1972; Doetschman, 1980). In several systems the phospholipids appear
to turn over more rapidiy than do the proteins (Omura et al., 1967;
Pasternak and Bergeron, 1970). The kinetics'of phospholipid turmover
however, are more. complex than for proteins because of transfer
H;oteins (Lumb et al., 1980; Tsao, 1980), exchange reactions and acyl
"éfansferase enzymes (Kapeller et _a_li., 1973; Trewhella and CQllir}s,
1973; Rosenthal and Somers, 1979; Khuller et al., 1981). Kinetic
analyses are further complicated, as different individual
phOSpholibids and phospholipid moieties can exhibit heterogeneous
turnover rates (Pascual de Bazan and Bazﬁn; 1976; Sandra and
Ionosescu, 1986). |

In genéral, there have been far fewer studies on lipid turnover
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than on protein turnover. Little is known of the origin, synthesis,
modulation and turnover "of membrane lipids in S. mansoni. The
proportions of the major phospholipid classes in the- surface bilayers
have been determined (McDiarmid and Podesta, 1982), but there is

little information available on their kinetics of 'formation or

. turnover. Schistosoma mansoni can incorporate lipids and 1lipid
precursors . from the extemaI' environment in culture (Meyer et al.,
1970; Smith et al., 1970; Rumjanek and Simpscn, 1980) and presumably
fromn the host in vivo. Platyhelminthes, including S. mansoni, ar®

thought to be incapable of synthesising sterols and long chain fatty
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acids de novo (Bailey and Fairbairn, 1968; Meyer et al., 1970 and

1979; Smith et al., 1970). [14C] Acetate is incorpérated only into
the terminal carboxyl group of fatty acids, suggesting a capacity for

chain elongation (Jacobsen and Fairbairn, 1967; Meyer et al., 1970}.

L

K 4

Schistosoma mansoni can synthesise its own complex lipids (Meyer et

al., 1970; Young and Podesta, 1982) and must therefore have the
ability to determine the lipid composition of its surface membranes.
The 1location of tbe enzymes involved in surface membrane 1lipid
biosynthesis in §_;;;xansoni is still mainly speculative. Synthesis is
presuned to occur in the endoplasmic reticulum and golgi of the
. subtegumental cells, with subsequent transport, via the MLB, to the
surface. Howevér phosphatidic acid phosphatase, a central enzyme of
lipid synthesis is now known to be present in the MLB (McDiarmid et
al., 1982; Rahman and Podesta, 1982). Rumjanek and Cesari (1981) have
suggested that the adult schistosome surface contains high levels of
phospholipase activity; whicﬁ they postulate to be involved in the
breakdown and subsequent uptake of external phospholipids. The

possibilities of synthesis or acylation at the surface have not been
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considered. | .

Turnover . of memBrahe constituents is most éonmonly méasured
with the aid Qf isotopic;,lly"iabelle’d\ metabolic precursors. 'In"g;_
mansor;i such measurements are complic':ated by ‘the presence of two,
closely apposed, - surface bilayers, wh‘ich probably have .different
turnover, rates. Workers, aftempting similar measurements of the two\
suface membranes of mitochondria, realised that kinetic analyses of
bilayer components can only be considered valid if cro: s-fontamination

is monitored (Bygrave, 1969). Quantitative separation of the outer

and inner bilayers > of adult S. mansoni is now possible (McDiarmid et

— 31_.,~I983). For the first' time these proc_édures have allowed the
calculation of protein turnover rates lfor £he outer and inner bilayers
(Dean and Podes;ta, 1982). Proteins of the outer bilayer were found to
turn over more raﬁidly, with t:]j2 = 3 hours, -than the inner ‘bilayer,
with 1:1/2 = 6 hours (Dean and{ Podesta, 1982; Dean, 1983). In this
Chapter -the labelling patterns and turnover rates of the surface

membrane phospholipids of S. mansoni will be investigated.
5.2 MATERIALS AND METHODS

5.2.1 Thin_Layer Chromatography and Autoradiography of Bilayer

Phospholipids

Adult worm pair; were metaboiically iabelled with one of the
following isotopes - [SZP]" 20 \ﬁi}ml (Amersham); [.3H] - glycerol
(5-10 Ci/mmol, New England Nuclear, NEN) 5 wuCi/ml incubation medium; -
[14C] palmitate ( 500mCi/mmol, NEN) 1 uCi/ml incubation medium; or
(%] galactose (40-60 mCi/mmol, NEN) 4 uCi/ml incubation medium.

125

N Worm pairs were also labelled with [°°1]) diazetised iodosulfanilic

y
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-acid, as described previously. Labelling was accomplished during a 2
hour incubation in medium’' 199 with 5% heat-inactivated human serum
(HIH) at 37°C in a 5% 0, ‘atmosphere. Fractions, described in
Chapte; 4, were prepared from the labelled worms and comprised outer
and inner ‘bilayer pellets a:nd supernatants, and homogenates of the
" remaining carcasses. A sixth fraction was prepared by pellét'ing the
incubation medium at 35,000 x g forl hour.,
- Thin layer chromatdgfaphy of tl{eie fractions was performed, as
detailed previousl)?. Spots - were visualised in‘ an iodine vapour
chamber and Qracing of the spots was made on acetate sheets. The
plates were then left until the colou;'ation by iodine had faded. 'For
autoradiography, the x-ray film (X-Omat RP, Kodak) was sandwiched
between the TLC plate and a clean glass plate. The two plates wc}a,re
held together firmly with masking tape and stored in the dark to allow
'se\lective expo'sure of the film. Exact positioning of the film,
reiative to the plate was determined by previously marking small spots
on Tthe borders of the TLC plate with radioactive waste‘ material. This
allowed subsequent aligrment of 'the' TLC ‘plate and the developed
autoradiograph. The film was devel&ed autanatical‘ly in a clinical
'x—ray film processor. ‘

To dete_rmi;le the radioactivity of individual 1lipids,
radioactive spots were scraped off &he plate into scintillation
vials. The spots were vortexed vigorously in 1 ml of water, prior to,
addition of scintillation fluid (Scintiverse, Fisher Chemical Co.).
Vials were stored in the dark overnight and counted on a Beckman

scintillation counter. All counts were corrected for quenching by

automatic external standardisation.

f
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r 5.2.2 Incorporation of [SH] glycerol into the 1lipid and water

soluble phase of adult worm pairs

 Adult worm pairs were incubated in medium 199 with.S$ HIH
serum, at 37°C, cdataining 10 pCi/ml [°H] glycerol (5-10 Ci/mmol,
NEN). At time intervals ranging from 15 mimte;'to 6 hours, 20 worm
pairs were quickly removed from the méj.ium and, inmedfately homogenised
in 0.5 ml ice cold KRP. A 100pl aliquot of the honipgenate was stored
on ice for subsequent prote,i'n determination. The ré:fxaining volume was
added to 10 ml 2:1 chloroform/methanol and extracted by the method onf
Bligh and Dyer (1959); The resulting lipid extracts were taken to
dryness in scintillation vials and resusl;ended'in Scintiverse for
scintillation} countix;g. An aliquot of the aqueous phase 'was also
counted.

[14

5.2,3 Efflux of [SH] Glycerol and C] Palmitate from the -Lipid

and Water Phases of Adult Worm Pairs .
Adukt worm pairs were labelled for 2 hours, aé above, but with

[14C] palmitate in the

10 pCi/ml [*H] glycerol and 1 pCi/ml
mediun. After labelling the wonns.‘were washed extenéively‘ in the
chase medium (199 + 5% HIH serum, wit} 10 mM glycerol and 1 mM
palmtate) The worms were then incubated in largg volumes ’of the
chase medium. At‘time intervals ranging from 5 miﬂut'es to S hours, 10
worm pairs were removed and inmedia’cely washed in ice-cold KRP, then
hanogaused in 0.5 ml KRP. As descnbed _previously, 100 ml of the
homogenate was retained for protem detemunatlon and the remamder
was used for lipid extraction and scintillation counting.

L e

Conventional double iso}oze counting techniques (Podésta' et al., 1977)

[14

were used to determine the amount of [°H] and C] in the test

*



samples.

5.2.4 Detemmination. of Turnover Rates of Surface Bilayer Lipids from

Adult Worm Pairs Labelled with [14c) Glycerol

Adult worm pairs were labelled during a 2 hour incubation in
medium 199 with 5% HIH -serum, at 37°C in 5% CO,, containing 5 pCi/ml

[14C] glycerol. The worms were then washed éxtensively in medium
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199, with 10 mM glycerol’ and put into the chase incubation, consisting -

of medium 199 with 5% HIH serum and 10 niM glycerol. At time points

ranging from 0-4 hours appréxmately 300 worm pairs were removed, to" a

vial containing 0.2 M sucrose in 0.1 M Tris, (pH.7.4) on 1Jce. The

worms were washed in the same medium and surface bilayer fractions :

obtained, as describedo previously. Aliquots of the pelleted OB aﬁd\ 1B
fractions were retained- for alkaline phospha'tase measurements and the
remainder was utilised for lipid extraction and scintillation counting.
Carcasses remaining after lﬁembrane removal procedures were homogenised
and. aliquots reserved' for protei‘n and alkaline pliosphatase
determmatlons and scintillation counting. Materials pelleted from
the incubation medium were treated‘:mﬂarly to the bllayer fractions.

Counts in the IB and OB were corrected by m‘w of the alkaline
phosphatase data and nommalised to g:%rcass protein.

]

5.2.5 Determimation of Turnover Rates of Surface Bilayer Lipids from
: [14

Adult Worm Pairs Labelled With C) Palmitate

Adult worm pairs were labelled as above, in medium contammg

[14

1.0 pCi/ml C] palmitate. Followjing labellmg the worms were

washed and then chased in medium 199 with 5% HIH serum and 1 mM

palmitate. At various time intervals during a 4 hour chase incubation

1 4
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approximately 250 worm pairs were rer'noved,l washed and subjected to
membrane removal” procedures, as ’detailed previously. The following
_ fractions were obtained: OB and IB pellets, OB and IB sup;arnatants,
carcass homogenates and ma‘terial pellieted from the incubé%ion medium.
Aliquots were taken from each of these fractions f\or protein
determinations, alkaline phosphatase measurements and lipid
extraction, with subsequeni: scintillation counting. .

The counts obtained for OB and IB pellets were c&rrectéd for
cross contamination by employing the membrane markers described‘ in'
- Chapter 4. Alkaline phosphatase was utilised as a marker for the IB,
and OB cori‘tamination. was deduced from the results of the [12~SI<]
diazotised iodosulfanilic acid labelling experiments. A correction
factor (CF) was determined from the formula N

- CF = C, [(ay/R;) / (a;/P)]
(Dean, 1983) where a, and a; represent alkaline phosphastase
activity in the OB'-aﬂd IB fractions respectively, Co represents the
uncorrected counts in the OB fraction and Po and Pi represeﬁt
protein in the OB and IB fractions‘. Alkaline phosphatase actfvity in
the' OB is therefore used as a measure of céntamination of that
fraction with IB material. Corrected counts in .the OB fraction

(cCo) were derived as follows (Dean, 1983): cC, = (C0 - CF) +

0.2 (C,-CF)d
’ = 1,2 (CO - CF)

where 0.2 is a constant derived frofn the level of 20% contamination of

IB with OB at the lengths of digitonin incubation employed (5 and 25

[125

.minutes). This 20% level was obtained from the 1] diazotised

iodosulfanilic acid labelling experiments of Chapter 4 and was assumed

to be constant throughout. Corrected counts for the IB (cC;) were

determined by cC; = G

it CF - 0.2 cC,. Counts were normalised
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to total bilayer protein in both fractions.
5.3  RESULTS

5.3.1 Incorporation of Various Isotopes into the Surface Membrane

Ph_ospholipids of Adult Worm Pairs

Autoradiographs of OB and IB fraction phospholipids from
. [3%p] 1abelled adult™S. mansoni showed that [32p] was incorporated
into the surface membrane phospholipids (Figure 5.1). During a 3 hour
chase ;)eriod the activity of [32P] in both fractions declined
(Figure 5.2). Determination of the turnover rates of individual
phospholi’pids' proved to | be impractical in the present  study as
insufficient material .was available to: allow ﬁleasureagent , of the
specific activity of [_S‘P]' in indi,;;idua} k) p’ﬁo‘sphonlii)i’d spots.
However the results obtained did indicate ‘Some differential turnover
rates for the individual phospholipid clas,ses.‘ While activity of most .
of the phospholipids decreas;ad during the 3 héur chase, the activity
of phosphatidylcholine and sphingomyelin increased in t'he OB during
the first Z hours of chésé. Phosphatidylcholine also increased in the
IB, but to a lesser” .extent (Figure 5.2). The label disappeared from
the IB at a faster rate than in the OB. '
Autoradiographs of OB and IB fraction phospholipids. from
[14c) glycerol and from [1¢ pahnitaté-labelleg adult worms
indicated that both of these isotopes were incorporated into the
surface bilayer 1lipids. Autoradiographs of OB and IB supernatant,
pelleted material from the incuba;ion medium and homogenised carcass

lipid extracts of [14

C] palmitate - labelled worms were also
examined. Labelled phospholipids were pregent in each of these

*




Figare 5.1 Autoradiographs of 2 dimensional thin 1layer

-

chromatographs of outer bilayer (0OB) and inner bilayer
(IB) phospholipids. Adult worms were labelled with [S2P]

20 p Ci/ml  incubation medium in vitro for 2 hours and
chased for 2 hours in cold medium. Ly, lysophosphatidyl-
choline; Pc, PhOSphatidylcholiﬁe; Sph, Sphingomyéiin; Pe,
' Phosphatidylethanolamine; Ps, phosphatidylserine; X,

origin, -
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Figure 5.2

(*%p]  Labelling  patterns  of  individual
phospholipids in the ‘outer (OB) and inner (IB) bilayers.
Adult S. mansoni were labelled during a Z hour incubation

[°2P] and chased in the

in vitro with 20 p Ci/ml
absence of 1label for up Hto 3 hours. CQOuter and inner
bilayers wére removed .by sequential exposures to the
digitonin membrane disruption fluid. Lipid extracts of
outer and inner bilayer fractions were run in 2 dimensions
on silica gel G thin 1layer chromatography plates.
Labeﬂed lipids 'were‘ visualised by autoradiography,
scraped off the plates and counted in a Beckman liquid
scintillation coumnter.: ‘Points represent the means ‘of 3
experiments. Explanation of symbols : A , phosphatidyl-
choline; W , lysophosphatidylcholine; A , phosphatidyl-

serine; @ , sphingomyelin, [J , phosphatidylethanolamine; g,

total.
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_ fractions (Figure 5.3). 1In each case phpsphatidylcholiﬁe appeared to
be ;h;‘ most heavily labelled phospholipid. In both OB and IB
supernatants phosphatidylcholine was *the only -Spbt visible on the
autoradiograph. However, the 1labelling patterns on  these
autoradiographs cannot be directly compared since different amounts of
label were loaded on each. S

[EQC] Galactose was incorporated into the lipid phases of OB

and IB pellets and supernatants and into the pellet of the incubation
medium. The incubation medium pellet had the highest specific
activity at 147 dpm/pg protein. The OB supernatant ahd pellet had 53‘
and 24 dpm/pg protein respectively, with the IB supernatant and pellet
having 15 and 11 dpm/pg p;otein: \However, although over 1,000 worm
pairs wére, u§ed only one spot was visiblé* on most of the
éutoradiographé. The same spot ;ppeared to be present in all of the
fraction§ except the pelleted incubation medium, where there were 2
species labelled closer to the origin. Owing to the large n?mber of

-worms required this experiment Waslon'ly repeated once. The experiment
was repeated however with 2.5 uCi/ml (M) glucose in the labelling
mediun but’ the Gbunts in the lipid  extracts of OB and IB fractions
were not’significantly above background.

" Autoradiographs of bilayer fractions from worm pairs labelled
with {12$I] diazetised iodosulfanilic acid indicated the presence of
labelled lipids in Qﬁ and IB pellet and 5upernétant'fractions. JThe
spot éo-migrating with bovine cerebrosides appeared to be particularly

densely labelled in the supernatant fractions (Data not shown).

Ly '3 ’ ’
3 ‘ -
5.3.2 [3H] Glycerol Incorporation into Adult Worm Pairs

s (%) Glycerol incorporation into the water-soluble phase of

-




Figure 5.3

Autoradiographs of 2 dimensional thin layer
chromatographs of outer bilayer (OB), inner bilayer (IB),

outer bilayer supernatant (OB SUP), pelleted incubation

medium (INC MED) and carcasses (CAR). Adult S. mansoni

were labelled with [14C] palmitate 1 p Ci/ml incubation

medium during a Z hour incubation period L_I_l_ vitro. Pc,.

phosphatidylchéline; Pe, phosphatidylethanolamine; Sph,
sphingomyelin; Ly, lysphosphatidylcholine; Ps,

phosphatidylserine; Pi, phosphatidylinositol. .

1
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Figure 5.4 . The relationship of glycerol incorporation into the
\*( “ water-soluble phase of S. mansoni with time in culture.
Adult worm pairs were incubated in medium containing 10
pCi/ml [3H] glycerol. At various time intervals 20 worm
pairs were removed and incorporation of label into the
water-soluble phase determined. The points shown are mean
values - from 3 separate experiments and bars indicate
standard “errors of the mean. Thensolid line represents
the.curve fitted to the peints by eye. The dotted line -
represents total incorporation of [3H] glycerol into the

lipid and water-soluble phases.
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Figure 5.5
b

the points by eye.

-~

. ‘
The relationship of glycerol incorporation into ,the

lipids of S. mansoni with time in culture. Adult womm

_ pairs were incubated in medium conta‘i-ning W0 p Ci/ml

[3§1] glycerol. At the time intervals indicated 20 worm
pairs were removed and incorporation of label into the
lif>id phase determined. The points ;howﬁ are mean values
from 3 separate experiments and bars indicate standard
errors of the me:;n. The solid line i§ the curve fitted to
' The dotted line represents total

incorporation of [SH] glycerol into the 1lipid and

- water-soluble phases. - .- ' .







adult worm pairs increased rapidly with time.of incubatioﬁ up to 1
hour. After 2 hours the incorporation stablised at 46 mmoles/g
protein "and there .was‘“no furthe; increase (Figure 5.4). Althougﬁ
g;‘lycerol incorporation into the water-soluble phase of the worms was
saturated, total glycerol incorporation continuved to \ increase
throughout the labelling period of 6 hours.~ ‘

" The rate of [:?H] glycerol incorporation into the lipid phase
‘of adult worm pairs was most rabid during the first hour of incubation
(Figure ¢ 5). This\‘i\nitial rapid Tate of incrégé:e howevef), was much
less than that for th;e water soluble' phase. Glycerol. incorporation
int? the lipid phase did ot appeat 'to saturate,. but continued to
increase at a slower ra}te' throughout the incubation })eriod, reaching
~ about 53 nmoles/g protein by 6 hours.

5.3.3 [°H] Glycerol and [**c] Palmitate Efflge from Adult Vorm

Pairs x ' C - "

. Results in this section were plotted as dpm per worm pair or

<
protein versus time of chase incubation, which yielded exponentially
decaying curves. Linear functions of this data were derived from

o

log-linear_iolots, which could be described by the general formula y =
ae'bx, where a is the intercept, b is the slope and e is the base of
the natu;"al logarithm (Sokal and Rohlf, 1973).

A plot of tiie, data for [3H] glyceroi efflux from 'the water
‘soluble phase of adult S. mansoni was non-linear, suggesting the
presence of more than one compartment (Figure' 5.6). Curve péeling‘, a.
simple method of compartmental analysis, was employed to derive the
curve for the initigl rapid efflux rate (Jacquez, 1972). The

i;rocedure' involves adding points from right to left, until &.




Figure 5.6

<,

Glycerol efflux frm the water-soluble bhase of S.
mansoni. Adult worm pairs were labelled during a 2 hour
incubation with. 10 p Ci/ml --iﬁcub;tion medium [:’H]
glycérol. Labelled worms were incubated in the chase

medium without label for up to 5 hours. At the time

~intervals indicated 10 worm pairs were removed and [SH]

activity in the ‘'water-soluble phase determined. Points

_are- the mean values of 3 separate experiments. Line 1

represents a small, slowly exchanging pool (t vz F 9.8
hours). Line 2 (open symbols) was derived from the
original plot (solid symbolé} by curve peeling. Line 1
was subtracted from lines 1 + 2 and the differencé plotted
as line 2, which describes a larger, rapidly exchanging
pool (t 12 = 015 hours). ‘

Lines are described by an exponential function of the
form y = a, exp b1 t + a, exp b2 t, where a, =

47.0 (+ 0.11); by = -0.071 (+0.04); a, = 142 (30.09);

32
b, = -4.49 (+ 0.25). The slope of a; is

significantly different from zero (P <0.001), and

- marginally significant (0.1>P>0.05) for a,.






Figure 5.7

Glycerol efflux from the lipid phase of S. mansoni.

Adult worm pairs were labelled during a Z hour incubation

with 10 p  Ci/ml incubation medium [*H] glycerol.

Labelled worms were incubated in the chase medigm withd?t
label for up to 5 hours. At various times 10 worm pairs
were removed and [SH] activity in the 1ii)id phase
determined. Points show the mean values of 3 separate
experiments. The line is described by the‘exppnential
function 'Y = 127 (+ 6.04) exp -0.05 (+ 0.02)t and
represents one compartment with t Y2 - 13.9 hours. The-

slope of the line is significantly different from zero

(0.02>P>0.01).
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significant deviation from linearity occurs. If the data points do
not deviate significantly from linearity, then one can assume that the
label is exchanging with a single compartment (Podesta and Dean,
1982a, 1982b). However, it can be seen from figure 5.6 that there is
a significant deviation from linearity and that efflux of’ [SH]
glycerol from the water soluble phase can best be described in tems
of 2 compartments - +a rapidly exchanging ppol,' with a half-time of 9
minutes and a more slowly exchanging pool, with a half-time of 9.8
hours. Curve 1 was subtracted from curve 1 + 2 and the difference
plotted as curve 2, which describes the rapidly exchanging pool.

A plot of the data for [14C] glycerol efflux from the lipid
phase of adult worm pairs yielded a linear relationship, indicating
the pre'sence of just one compartment with a half-time of 13.9 hours
(Figure 5.7).

lI4C] Palmitate, 1like [3H] glycerol, appeared to efflux
" from the water-soluble phase 6f adult worm pairs from 2 compartments
(Figure 5.8). For palmitate, the rapidly e::changing.pool was sm;tll
and exchanged with a half-time of 13.8 minutes. The larger and more .
slowly exchanging pool had a half-time of 11.5 hours. - These half-
times for the rapid pool were significantly (P 0.001) longer than
those obtained with [°H] glycerol.

[14C] Palmitate efflux from the lipid phase of adult womm

pairs, like that For\gl:cerol, was linear, suggesting the presence of

one compartment. This cempartment exchanged with a half-time of 11.5
hours, which was more rapid than that obtained for glycerol, although

not significantly so (P 0.5), (Figure 5.9). 3

5.3.4 Turnover Rates of Surface Bilayer Lipids of Adult Worm Pairs,
[14

C] Palmitate.

Labelled with |*C] Glycerol or




Figure 5.8

.
Palmitate efflux from the water-soluble phase of S.
mansoni. Adult worm pairs were ‘labelled during a 2 hour
incubation with 1 u Ci/ml incubation medium [14C]
palmit:;te. Labelle@ worms were incubated in the chase |
medium without label for up to 5 hours. At various times
10 worm pairs were removed and [14C] activity in the
water-soluble phase determined. Points are the’' mean

values of 3 sepérate experiments. Line 1 represents a

large, slowly exchanging pool (t 1/2 ‘= 11.5 hours).

Line 2 (open symbols) was derived from the original plot
(solid symbols) by curve peeling. Line 1 was subtracted
from lines 1 + 2 and tge difference plotted as line 2,
which describes a smaller, rapidly exchanging pool (t
y2 = 0.23 hours). '

Lines are described by an exponential function of the
form Y = .al exp b t + a, exp b, t, where ‘:-1.1 =

1.09 (+ 0.12); b, = -0.06 (+ 0.03);

1 = 0.56 (+

3

.0.07); b, = -2.95 (+ 0.14). The slope of line 1 is not

significantly different to zero (0.2 P 0.1), whilst the

slope of line 2 is significant (0.01 P 0.001).
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Figure 5.9

i

Palmitate efflux from the lipid phase of §; mansoni.
Adult worm pairs ‘were labelled during a 2 hour incubation
[14

with 1 p C1/m1 incubation medium C] palmitate.

Labelled worms were incubated in the chase médium without
label for up to 5 hours. At the time intervals indicated
10 worul-pairs were removed ‘' and [14C] activity in the
lipid phase determined. Points are the mean values of 3
separate experiments. The 1line is describedk by the
exponential function Y = 279 (+0.06) exp -0.06 (:p.osi t

and represents one compartment with t /2 = 11.5 hours.

The slope of the line -if 51gn1f1cantly dlfferent from zero

r

(0.02>P>0.01).
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Figure 5.10

I

Turnover of 'glycerol in the .outer and inner
bilayers. Adult worm pairs were labelled-during a 2 hour

[14C]

incubation with 5 p Ci/ml incubation medium
glycerol. Labelled worms were incubated in the chase
medium, in the absence of label, for up to 4 hours. At
the time intervals indicated 300 worm pairs were removed
and outer an& inner bilayér fractions obtainéd by
sequential 5 and 25 minute incubations in the digitbnin
membrane removal fluid. Activity of i14C] in the outer
(0B, clear symbols) and inner (IB, solid symbols) bilayer.
fractions was determined. Coﬁﬂts in the B and OB were
corrected for cross contémination by means of the alkdline

phosphatase data and normalised to carcass protein. *

Points are mean values. The OB lipe is described by the

function Y = 23.3 (+0.27) exp -0.06 (+0.14) t, (n = 25)

- and the IB by Y = 62.8 (+0.25) exp 0.02 (+0.13) t, (n =

25). The slopes of both lines are /not significantly
different from zero (0.9>P>0.5) and nejther are they
significantly different from each other (P<0.5). Half-

time of t&rnbver for the outer bilayer = 11.5 hours, while

. activity in the IB increases during the 4 hour chase.







‘ Figure 5.11

s

F
~Turnover of palmitate in the outer bilayer. Adult

worm pairs were labelled during a 2 hour ineubation with’

© 1.0 p Ci/ml incubation medium ['%C] palmitate. Labelled

7

worms were incubated in the chase medium, in the absence
§f label, for up"to ’4~ hours. At the time intervals
indicated 250 worm pairs were removed' and the outer
bilayerzobtained by a 5 minute incubation in the digitonin
membrane removal fluid. Activity of [*C) in the outer

bilayer was determined. Counts were corrected for

~ contamination with inner bilayer material by means of the

4~

S

alkaline pho;phatase and [IZFI] data, as described viﬁ
the text and ‘normalised to total bilayer protéin: Points
are mean values. The line is described b}-the function Y
- 56.83 (+0.18) exp - 0.47 (+ 0.14) t (n = 25). The
slope of ghé line is significantly differént from zero
(0.01>P>0.001) "and h:;s a half-time of 1.47 hours. Points
obtained beyond 3 hours of cﬂase do not fit on this line

and were therefore net included in -the Tegression

‘calculation. ‘ .. , .

4 ,\7‘ Y L7







fiéure 5.12

Turnover of palmitate in the ‘inner bilayer. Adult

'w01_'m pairs were Tabelled during a 2 hour incubation with

1.0 p Ci/ml incubation medium [C] palmitate. Labelled
wormsb'were ‘incubated in the chase medium, ‘in the absence
cf labelh, for up to 4 hours. At thé time intervals
fiyndicated 250 worm pairs were removed and, after removal
of the outer bilayer, the inner bila).'er was obtained by a
25 minute incubation in the digitonin membrane removal
fluid. Actigity of [14.C] in the inner bilayer/ was
determined. Counts were corrected for contamination with
outer bilayer material by means of the | alkaline

phosphdt?.se and [125i] data, as described in the _text

~ and normalised to total bilayer protein. Points represent

mean’ yalues. Line 1 represents a smﬁll,}slowly exchanging ..

. pool (t 12 " 17'3 hours).  Line 2 (open symbols) was

der1ved from the original plot (sohd symbols) by curve
peell,ng Lme 1 was subtracted from lmes 1 + 2 and the
difference plotted as line 2, which descrlbes a larger,
rap1d1y exchangmg pool (t 1/2 = 0.2 hours) k

Lines- are descrlbed by an exponent1al functlon of “the

form Y = a;, exp bl’ Fdr a, exp bzt,, v{here_al, =

)

137 (& 0.46); by, = -0.04 (s0:14); a, = 395.4 (+0.14);

1’

b, = -3.4 (+0:02), (n'='25). The slope of line 1 is not

sigxmific:antly different from zero' (P>0.5), ‘wh,ilst the

slope of line 2 is significant (P<0.001).

2,
. -






Figure 5.13 Turnover of palmitate in the supernatants of outer
‘ | (OB) and inner (IB) bilayer fractions. Adult worm péirs
were labelled during a 2 hour incubation with 1.0 p Ci/ml

incubation medium [14C] palmitate. Labelled worms were
»

incubated in the chase medium, in the absence of label,
for up to 4 hours. At the time intervals indicated 250
worm pairs were removed and the ‘outer and inner bilayer

-
fractions obtained by sequential incubations of 5 and 25

f s
minutes in. the digitonin membrane disruption fluid.

¢

Pellets were removed following centrifugation at 35,000 X

” g for 1 hour. Supernatant lipids were extr-acted and

[14C] activity determined. . Counts were normalised to

supernatant protein. Points represent mean values. Data
for the inner bilayer was described by one line, Y = Z1.3
(#0.23) exp -O.Si (+#0.11)t (n= 43), which had 'a half-time
. of 1.36 hours, The outer bilayer supernatant showe'dl a
_rapid (t /2 = 0.51 hours) decrease until 1.5 hours of

chase and then an apparent increase (t 12 = 3.65

- -y

hours). Lines are described by an exponential function of
the, form Y = a;, exp bl’ t + a, -exp b2 t, where

a;, = 43.4 (+0.26); b, = -1.36 (£0.32); a, = 4.7

1’ V)

(+0.51); b, = 0.19 (+0.18), (n-= 43). The negative

2
slopes of outer and inner bilayer supernafants are
-significantly different from zero (P<0.001), whilst the

s apparent i{"icreésedn the outer bilayer is not significant

L

’ (0.47P>0.2).
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The regression lines obtained for the turnover of o]

glycerol in the lipid phase ;;f OB and IB pellets proved not to be
significantly different from zero (0.9 P 0.5) (Figure 5.10), owing to
the large amount of scatter in the data, suggesting possible
inedequacy of . carrection or: ‘normalisation procedures. The results
also suggested that '[14C] glycerol might not be suitable es a label
for determining surface bilayer ‘lipid turnover. '

l“c] palmitate in the OB and IB

Results for the turnover of
pellet fractions were corrected for cross-contamination, by means of o

the formula described in 5.2.5 and were normalised to total protein in

" OB and IB pellet fractions. Data points for the OB pellet lipids were

linear up to 3 hours of chase imubatiqn and had a hal¥®-time of 1.5

hours (Figure 5.11). However, two points obtained at 3.5 and 4.0

hours showed increased activity. Tumpver data for ‘[14C] palmitate

in the IB pellet was alinear and»' suggest"ed the presence of t.wo

U'V'v‘i‘ compartments (Figure 5.12). One compartment was large consisting of
' 74% of total and had a rapid turnover rate of 12 minutes, whilst the
other 'was muich smaller (364) and exchanged more slowly at ty =

RN 17.3 hours. []:4C] Palmiegc: tumever in the IB supernatant fraction
appeared  to cenéist of .one compartment, with'tzi/2 = 1.4 hours
(Figure.hs.l.’»). ‘The tyrnover rate of {MCI palmitate -in the 0B
.élxpertlatant had a half-time of. 36 mimtee during the first hour and a
half of chase; after that point the scattered data is mconcluswe and

¢

the slope not s1gmf1cant1y different from zero.
‘ o )
5.4 DIb(llSSION
The concept of metapohc turnover, whereby components of, the -

cell are replemshed, hns gamed wxdeSpread acceptance (Thompson,

~
«
LY

\
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1973). Turnover' refers to the overall processes of synthesis and

degradatibn, which are equivalent in the .steady. state (Doyle ’anda
Tweto, 1975)., Experiment.s in this chapter were designed to provide
information on the 'raies of turnover of the outer and immer bilayer
phospholipid, camponents. As has been discussed previously, genéral
measurements of surface turnover in S. mansoni have been performed
with two types of label. Problems ir;volved in;hq use of external,
non-metabolised markers may include alteration of turnover rates by
the marker, selﬂective sampling of membrane constituents, association
and disassociation of label and an inability to disiinguish turnover
rates of OB and IB. The ‘method of choice for detemmining the turnover
of membrane constituents is the measurements of the loss in activity

~of . a metabolically-incqrporated, isotopically-labelled precursor
administered as a discrete pulse (Schimke, 1975; Zak et al., 1979),

Some of the assinnptions and problems in this method will be outlined

later in this discussion.

‘A Telated pgrasite, Spirometra mansonoides is known to be able
to incorporate [32P] into it's phospholipids (Meyer et al., 1966).
V f.abelling with in the present’study indic;ated that phosphatidyléholine
. (Pc) and phosphatidylethanolamine (Pe) were the most hea{rily labelled
| phospholipids, 65% of the activity being present in Pc and 25% in Pe.
The synthesis of membrane phospholipids is shown by results of the
present experiments, which show the incorporation o'f [32P] into the |
phospholipids of the Quter and imner b11ayers (F1gure 5 1). Synthesis
of surface glycohplds is suggested by the 1morporat1on of galﬁtose
into bilayer lipids. |

A . o &

, There is currently some disagreement in the literature as to

whether membrane phospholipids show homogenous turnover 'O(Oohen and
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Phillips, 1980; Hallman.gg_gl., 1981) or heterogeneous turnover, where
individual pﬂB}pholipids ¢xhibit umique turnover times (Thompson,
1973; Freysz and Mandel, 1980; Sandra and Ionosescu, 1980)., A
definitive answer to this question was unobtainable as insufficient
material was ayailable to allow the calculation of speci%ic activity
of individual phospholipids. This problem is not uncommon, where
‘supplies of material are limited, and redults in an iﬁability to
distinguish between metabolic activity and'pool size (Smith et al.,
1980). However,‘ as the percentage contribution of the  different
pho?dpholipid'classes to the total phospholipid content of ‘OB and IB |
is known (Figure 4. 15, the relative synthetlc act1V1t1es zan6 be
'deduced Figure 5.2 shows the 1abe111ng patterns of the maJor s&?ﬁs
membrane phOSpholip1ds following a 2 hour incubation with 6[3»ZP] and‘
subsequent 3 hour chase period. The rate of decay of total - label
appears to be faster in the IB than in the 0B, ra1s1ng the possibility
that IB phosphol1p1dsfturngaver more rapidly than th®se in the OB.
Pho.Sphatidylc‘holinel, " although the major phospholipid of whole ‘;oms
(Young and Pbdesta, 1982) and of the OB (McDiarﬁid and Podesta, 1982;
Figure 4.1), is not the most heavily labelled in the OB at the stért
of the chase. - Phosphatidylcholine in them IB however is the most
\heavily' Jabelled phospholipid “throughout the chase time. It has
frequently been noted that Pc and Pe are the most heavily labelled
lipids, following in vitro or in vivo administration of (3%p]
(Marine£fi et al., 1957). - In the OB both lysophosphatidylcholine
(LPt)-and Pe have higher levels of activity at 0 hours of chasegthan ﬁz
would be expectéh from their relative con;ributions t6 the Oﬁﬁ(Figure
5.2). These two phospholipids also exhibit the most rapid decay with

time of chase. Phqsphatidylethanolamine has been found to incorporate
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relatively more'label than expected  in hepatocytes (Dallner et al.,

 1966) “and shows very rapid decay in liver *(Cohen {ng;Phillips, 1980).

The .moreé exténsive decay of Pe in myeloma cells was rconsi’dered not to
' : - |

be an artifact of [32p] labelling, as it was found to oeccur

reggrdléss of the precursor species employed. The rapid decrease in

activity of Pe and concomitant increase in Pc during the first 2 hours

. of chase suggests the possible existence of a methylation pathway.

J’Product'ion of Pc by the methylation of Pe is not usually a major

'~

synthefic pathway iq eukaryotic cells, with the exception of
hép'atoéytes (Tgewheila and dollins, 1973; Kawamoto et al., 1980) and
no evidence for, this pathway'has been found in whole S. mansoni (Young
and Podesta, 198‘2). The metﬁylation pathway, although m:)t important
for the bulk sfnthesi;gof Pc, is important in calcim; transport,
fusion and secrégiténj lipid translocation and signal transduction at-
surfacé membranes (Hirata and’Axelrod, 1980). The methylation pathway
in S. &é’_nsﬂ%ﬁ“may have.remained undetected as phospholipid formed: t;y
transmetl;ylation generally represents a very small, but metabolically
active pool (Hirata and Axelrod, 1980)

Phosphatidylcholine may be synthesised de novo, by methﬂation
of Pe and also via the acylation .of LP<; (Kawamota et al., '1980‘).“
Involvment of LPc a&:yiation is suggested by the high’ initial activity
in the OB, followed by a rapid decrease (Figure 5.2), simjlar to that
for Pe and by the relatively high“ activity of LPc’ in the 1.
L);solipids play an important modulatory role in membranes (Weltzein,
1979) and the synthesis of Pc from LPc, rather than de novo,
represents a more energy efficient pathway (Mansbach and
Parthasarathy, 1979). |

Although the . experiments with . [32P] have raised some

-



interesting possibilities, the further use of this 1label for the
determination of biiayer turnover times was nof.considered prudent.
The yeasges for this decision stemmed from the assumptions inherent in
‘thc1gmethod used for the determination  of turnover rates. In the
:_steady state rates of synthesis and degradation arem equal, so that
measurements of degradation allow calculation of turnover time (Doyle

and Tweto, 1975). The rate constant of degradation may be measured by

following the loss of label from a fraction as a function of time

169

after the’, single administration of a radiocactively labelled"

'érecureor. The major problem with this, apparently simple, technique
s that it assumes thaf the radioactive precursor is administered as a
;short pulse which enters and leaves the preCursdr pool almost
1nstantaneously (Doyle and Tweto, 1975; Schimke, 1975). This in turn
requ1res that the 1sotope should be rapidly incorporated and should
then not leave the molecule or be reutilised (Poole, 1971; Doljanskl
and Kapel}er; 1976). Large membrane precursor pools are a problem and
pemit extensive.reutilisation (Scanlin and Glick, 1977), which masks

heterogeneity of turnover (Koch, 1962) and increases the apparent

half-times (Poole, 1971). [>%P], owing to its ubiquitous

_distribution in the biosynthetic pathweys of the cell, is not an ideal,

marker for, the quantitation of turnover rates. [32P] recycles from
slowly turnlng over precursor pools (Benjamins and McKhan 1973; Cohen
and Phlfllps, 1980) and its prolonged 1ncorporat1on yields longer turn
over tlmesb for phospholipids than do other 1labelled precursors
(Haliman et &l., 1981). |

Radiolabelled glycerol was chosen as one precursor of
| phospholipids, yhich migﬁt allow calculation of OB and IB phospholipid

turnover times. Glycerol 1is a common precursor for membrane

-




phospholipids and is incorporated rapidly, at high specific activity,
into the structural backbone (Pascual de Bazan and 'Bazan, 1976;
Scanlin and Glick‘: 1977; Cohen and i’hillips, 1989). The use of
glycerol as a precur's:r is therefore thought to provide an accurate
measurement of de novo synthesis andkn@ation of membrane
phospholipicis (Omura et al., 1967; Baker and Thompson, 19'72).

Before measuring turnover of bilayer phospholipids, the ability
of §. mansoni 1n culture to incorporate [SH] glycerél was

determined. Incorporation into the aqueous phase was initially rapid,
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but stabilised by 2 hours (Figure 5.4). Incorporation into the lipid .

‘phase increased throughout the 6 hours of incubation, although at a
somewhat slower rate after the first hour (Figure 5.5). A very
’ .
. similar pattern of glycerol incorporation into hepatocytes was found
L .

by Omura et al. (1967) and they suggested that the hydrophilic portion

of the lipids had a shorter half-life. However they seem to have

ignore<§ the fact that free glycerol is soluble in water (‘Bailey' and
Fairbairn, 1968). A more likely explanation is.that the rapid initial
rise in the water soluble phase represents free gly;:erol present in
internal pobls ~(Bai1ey and Fairbairn, 1968; Podesta et al., 1977).
Label from [SH] glycerol is not usually incorporated into proteins
?vit‘:hin the time span of the present experiments (Benjamins and McKhan,

.1973;. Cohen and Phillips, 1980). In Hymenolepis diminuta, a related

parasite, glycerol uptake is rapid and accomplished by two mechanisms,
one of which is mediated and the other is non-facilitated diffusion

(Bailey and i?aipbairn, 1968; Pittman and Fisher, 1972; Uglem et al.,

1974; Pappas and Read 1975). Radiolabelled glycerol. is incorporated -

into the phospholipids of H. diminuta and yields a pattern of

labelling on thin layer chromatography similar to that. for [325.]

1
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(Oldenborg et al., 1975). Incorporation of [/14C] glycerol into the
phospholipids of S_ _mansoni (including 0B and IB), following a 2 hour
labelling period, was likewise confirmed in the present study by TLC

‘and autoradiography. From these studies a 2 hour labelling period was

deduced to bé sufficient to allow saturation of any internal glycerol
pools and for. iabei to be incorporated into the OB and 1B
phospholipids. (

The tumover'rate of tl;e total lipid fraction .of S. mansoni, as
measured with [14C] giycerol, was found to have‘ a ty, of 13.9

hours (Figure- 5.7). The slope of the line through the' data poi;lts is

_ equal to the rate constant of degradation (Kd), which is customarily

expressed in terms of half-t‘ime, where t = 0.693/Kd (Koch‘, 1962;

1/2
Thomas and Rhodes '1970; Doyle and ”méto, 1‘975;‘ Schimke, 1975). The -
straight line fit through these poiﬁts indicates ,é;cponential decay
with first order kinetic]s and suggests that tl‘xe‘decay process is
random (Doyle and Tweto, 1975). k.b\.;evelj in other éystans sever;il
metabolic pools of phospholipids haverbeen detected (Doetschmaﬁ, 1‘.;80;
Freysz and Mandel, 1980; Kamnan et al., 1980; Kawamoto et al., 1980).
The - apparent’ simplicity of lipici turnover in intact S. mansoni may

result from the heterogeneity of cell types present or reutilisation

of label (Koch, 1962; Doyle and 'I‘\;retq, 1975). Whether or not figure

5.7 represents a simplification of lipid turnover in S. mansoni, it is

apparent that these parasites are capable of | véry rapid lipid
me;cabolisxn, of a similar fime scale to -rapidly dividing pre-fusion
musc’:l'e cells in vitro (Sandra and Ionosescu, 1980). ‘

"The loss of [5H] glycerol label in the ;vater soluble phase of

entire S. mansoni was found not to follow first order kinetics (Figure
, —

-
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5.6), suggesting heterogeneous or non random turnover 6(Schimke, 1975;
Cancedo et al., 1982). The data indicates the presence of two
metabolically distinct pools, one with a very rapid turnover of t,
= 0.15 hours and a slower ‘one, with ty; = 9.8 hours. The rapid
initial pool probably repfesents the free glycerol’ pooi and the
initial water-soluble pr.oducts of glycerol metabolism, such as
glycﬂ:e‘rol-sv - phosphate (‘B‘aile and Fairbairn, 1968;1 Sestoft and
Fleron, 1975). U S
Lipid metabolic turnover .is unlike thet more intensively studied
process of proteim turnover, in that it is not an all or none event.
'l,‘l'iere may be enzymatic replacement of only a certain molecular
component, whilst the greates‘t part of the complex lipid is reutilised
(Thompson, 1973). 'I'he loss of‘ radioactivity from labelled
" phospholipid pools therefore is mnot a ‘s‘imple\\function of the
1ntracellular rates of\ 11p1d synt;he51s, but depends also on the sizes
of mtracellular precursor pools (Smith and l(1kkawa, 197 9) and a
variety of exchange rea¢tions (Jobe, 1979; Vance and Choy, 1979; Rock.
l,and Jackowski, 1982). Considering the’.mplt,:itude of /e;c_aiange reactions
'detected in phospholipj.d—-metabolism it is not syrp\risi—ngitto find that
different moieties of°ph05pholipids may 1‘~exhibit different turnover * —
* rates (Pascual de Bazan and Bazan, 1976 Khuller et al., .1981). A:s a
corollary to this, the apparent turnover rate of cell phosphd’lipids is
d often dependent upon"che labelled px‘ecursor omployed (Siekevitz, 1972;,
Seanlin and Glick, 1977). ' . - '
 Following from the abOVe aigunents it was in;portant to
determme the rates of lipid degradation in @ mansoni wifh another

[14

precursor, in addition to glycerol CJ Palmitate was chosen for

this study as palmitic actid has been widely utilised_ in 'studies of

[ .
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phospholipid turnover Q(Sunl and Horrocks, 1968; Nardone and Andrews,
1979; ‘Rosentl;al a_md Somers, 1979; Smith et al., 1?80). Palmitate is
generally the major- saturated fatty acid of platyﬁelminths, incfluding
S. mansoni (Meyer et al., 1966; Smitl"l et _a_.l-., 1966). It is

transported in a similar manner to glycerol (Pittman and Fisher, 1972)
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and is rapidly. incorporated 'm{:o the lipid fraction .(Ginger “and

Fairbairn, 1966).

Dur‘ing a 2 hour incubation [14C] palmtate was mcorporated
into the bilayer phosphohprds (Figure 5.3). Labelled Pc was detected

in the bilayer supernatant fractions, indicating dissbciation of Pc
: ' i .

from the membrane possibiy by the formation of micelles (Samuelson and.

Caulfield,. 1982), or by ' {;s §pecific interacgion with extracted
membrane proteins., Labelled phospholipids- were also detected in® tﬁe
pelleted incubation medium, providing further support for the proposed
shedding of Ahe surface bilayers (Samuelson et al., 1982). Cautmn
should be exercised here however as the presenceAtJ labelled compounds

in the medium m1ght also be indicative of damage or d1srupt1on~

(DoljanskJ. and Kapeller, 1976). e : -,

Lipid tumover in S. mansoni, measured w1th ( 4CL palmitate,

exhibited first order kmetu:s ar%l had a ty2 © of 11.5 hours (Figure
5.9). The use of i14C] vpahnitate' as a precursor therefore yitelided a
slighﬂy more rapid turnover time thann with glycerol although not
si'gnificahtl‘y' so (P> OJ.S). - This finding was- somewhat unexpécted as
palmitate is. usuall; subject to more--extensive -redtilisation than
glycérol (Scanlin and ’leick, 1977), - which would tend " to prolong
turnover t‘imes .(Peole, 1971; Doyle and Tweto, 1975)': However free
palm}tate, unhke glycerol, is soluble in the organic phase and

_ initially much of the label chsappearu;g from the 11p1d phase ma)' be

) A
:

o
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"due to free 5alm’itate. Palmitate is readily adsorbed to the cell

surface and th15 external compartment is in rapid equ111br1um with the

o

1ntrace11ular free fatty -acid pool (Kannan et al., 1980) The

difference m turnover rates obtained with the two precursors was mt
.

"significant (P> 0.5) and the accelerated apparent turnover with
pa1m1tate maZ be an anlﬁm “free .fatty acid® pool and itf

’ solubility in the organic phase. . I o

§ Act1v1ty of [14C] palmtate in the aqueous phase of S.
-mansom durgmg ‘the chase 1ncubat1on was wvery low and exh1b1ted
b1p11a51: kmetrcs with a small rap1d1y turnmg over pool (tl/2 =
' 0.23 hout's) and a larger pool with’ ty2 = 11.5 hours (Figure - 5.8).
7Sthe maJor- pool has ‘the same. turnover time as the) lipid phase it
suggests that they coristitute the same compartment’ Appearancq of low
levels of label in the aqueous phase 1nd1tates some ‘metabolism of

- phospholipids, probably py oxldatlon to acetate, whlch can then enter
various metabolic pools (Rosenthal and’ Somers, 1979).

] 'I‘umover rates. of the OB and IBi as. measured w1th [14 C]

giycerol are shgwn in flgure 5. 10 Desplte correction. for crlos_s

contammat1on qthe .data were subJect to consxderable variation, -but =

/ d1st1nqt trends were apparent for the two bilayers The OB exhxblte\a\lv/f
io

‘ .'a turnover tme of 11.§ hours, while during the 4 hour chase per

the IB showed no ev1dence of decay and indeed gave some 1nd1cat1on of
corrtlmxed incorpqratwn. The‘ results verify ‘the suggestlons that
the OB and IB exh1b1t ind1V1duau turmover ' rates, with the OB having
#he mb‘re ra;nd rate : (W1lson and Bames, 19748, Podesta 1982b1
Although the .0B has- a higher percentage lﬁnd compos1t12m, the IB was
-ore heavxly labeuéd I‘rus pattem lms l].so bee\n found in bacterral |
and litochomfial nembranes (Kamo and' 'l‘aknhashx 1980) .and suggests - ©

B



s;mthesis or modulation of phospholipids at the IB. The lack of decay
-~
in<the IB may be explained by a very slow turnover rate, the presence

-of extensive membrane precursor pools (Scanlin and Glick, 1977),
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exchange or recycling between the IB and internal labelled pools’

'(Doyle and- Baumann, ¢ 1979; Thilo and Vogel, 1980; Meldolesi and .

Ceccarelli, 1981) and synthetic activity at th\ inner bllayer
(Ishmaga et al., 1979). Surface membranes may contain their own
phespholipid synthe5151ng enzymes and in gram negatxve bacteria these
are. usually located in .the IB and not the OB (White et al., 1971;
J Osborn and Munson, 1974). Turnover of the IB may reflect exchange and

reeycli_ng with internal membrane pools rdther than true ‘turnover and

loss of label. W1lson and Barnes (1974b) suggested that the surface
mfxbrane recycled to the basal mvagmatmns, but it is difficult to

_ reconcile, this idea with the a 1y of the epithelium (Podesta and

‘ McDiarmgd, 1982). In mammalian lung there is a bidirectional flux of

phosphoiipids between the M.B and surfactant (Hallman et al., 1981),

medlated in‘part by spec1f1<: phOSphOllpld transfer protems (Lumb et
al., 1980; Tsao, 1980} and a sm11ar mechamsm* may be present in
schistosomes. . .

" The OB has a more rapid apﬁarent‘ turnover rate than the IB

although not significant at P = 0.5 arid.".the half-time of 11.5 hours is

- inf general agreement with estimates. of surface turnover, which range :

from 2- 10 hodrs for S. mansoni (erson and Barnes, 1977; Dean and
Podesta, 1982 Samelsan and Caulfleld 1982) and 1 to 24 hours for
cells in general (Kapeller et al., 1973). However it 1s less rapld

than the half tme reported for protein turnover in the OB, 1‘1/2 -

K
3 -hours), (Dean and Podesta, 1982). Surface membrane phosphohpxds

uenally exhibit .more rapxd turnover rates than the protein ccmponent
b " . « ¥ .r.

4
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(()nura et al., 1967; Tlfpmpson, 1973). Glycerol therefdre appears to
. have greater metabolic stability or to be subject more to
reutilisation ~in the OB than leucine. Glycerol may not be a good
precursor for measuring the dynamic* state of the bila)fer phospholipids
because of its incorporation into the diglyceride and triglyceride

h 'lipid-precursor pools (Pascual de Bazan and Bazan, 1976),

The thrnover rates obtained for QB and IB phosbholipids when

'«[14C]‘ palmitate was utilised as the precursor are very different
from. those found with glycerol ;(Figures 5.11 and 5.12). The IB
phospholipids exhibited‘biphasic turnover, having. a large rapidly
turning over pool (ty/q - 12 minutes) and a slower pool with a half-

time of 17.3 hours. The turnover rates of membrane phospholipids are

frequently reported -to be biphasic (Qnura et al., 1967; Doetschman,

1980;+Freysz and Mandel 1980), however in some cases the data has ‘not
- begn log transformed and so assumptions of biphasic turnover are not
substantlated (Pasternak and Bergeron, 1970; BenJamns and McKhan
1973, Cohen and Phillips,. 1980). Explanatmns of biphasic tumover
‘include the effects of cell handling, the presence of different cell
types, membrane domains, phospholipids with unique turnover rates
(Doyle and Baumann, 1979; Freysz and Mandel, 1980) .and reserve

_—
precursor pools of membrane (Scanlm and Glick, '1977). Schistosana

A mansom has extensive precgrsor pools, in the form of MLB (Ma’Laren )

1980“ McD;armd et al 1983), the brlayer phosphOllpldS do appear to. .

. have individual turnover rateés (M;D;armd and'Podesta, 1982) and there
is considérable heterogenelty of: the surf_ace',_ in, adult ,wqrgn pairs

»

(McDiarmid and Podesta, 1983)

The very rap1d1y decaying compartnent of the IB ,was not

'detected' with the glycerol precursor and therefore probably does not

o
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represent de novo lipid synthesis (Giusto and Bazan, 1979). This .
implicates -the IB as a site of post-synthetic phospholipid
modulation. It is  not uncommon for the structural specificity of
phospholipids to be determined, after de novo, synthesis, by exchange
_reactions (I:rgwhella and Collins, 1973; Rooney, 1979). Many plasma
-membranes, -including* the IB of gram negative -bacteria, ‘have
transacylating enzymes (White et al., 1971; Rock and Jackowski,
1982). Acyltransferases cah rapidly 'quify membrane phosphalipids,
changing the physiological properties of the surface membrane
(Thompson, 19%3). The ability to rapidly modify the faéty acyl
content of surface membranes is very important in moduiatipg ehzyme
activity (Hegner, 1976; Merigko‘ et al., 1981), membrane fluidity ;
(Wieslander et al., 1980) .and subsequent’resistame‘ to immune attack
(Dahl et al., 1979; Schlager and Ohanian, 1980a). Rapid turnover of \
plasma membrane palmitic acid has been associated with protection from

" complement (S}.:hlager grid Ohanian, 1980b). Even,small changes 'in the
fatty acid composition of lipid pools may exert important Fegu’lating
effects (Smith and Kikkawa, 1979; Dise et al., 1980). Stimulated
‘lipid tumbver may not involve glycerol moieties, but turnover of
phosphate and acyl groups may be important signals" in stumtlus-
secretion coupling (Shearer and Richards, 1981). |

-

Another poss1b1e explanatxon for the 1n1t1al rap1d raﬂe of
Lver in' tﬂg IB and subsequent slow rate is that they represent
“artifactual tumnover rates resulting from the in vitro manipulations
‘(Smith 'et ial: » 1980; Rotmans et al., 1981). Phospholipid symthesis
has been noted to. decline with length of time in culture (Gerard- et o
al., 1982)~ However the de novo synthesis of phosphohpids in the OB, .
ind IB d1d not exhibit bipnuic turnover (Figure 5.10). \lhatever the

o
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explanation, the question remains as to the fate of the.components in
these rapidly metabolising compartments. The extremely rapid rate of
turnover of the fast compartment in the IB suggests that there is

‘-litile recycling or reutilisation of this pool. These results,
‘combiped with the ?apid turnov'er of t'he 0B (tl/2 = 1.5 hours) raise

the interesting possibility that phospholipids or acyl groups may be

translocated “from the IB to the OB, as in gram negative bacteria
- (Ishmaga et ‘al., 1979) The different turnover rates of the OB and
1B nught help to mamtam the 1nd1v1dual phosphohp1d content of each.

Phospholipids o-f the OB turn over very ra1?1dly, at least up to
3 .hours. of chase. Beyond .this time the effects of in vitro
‘mampulatlon may be changing. The Tapid turnover of the 0B supports
the concept that the 'surface is shed in culture (Mm'ell et al., 1974 ‘
Kusel et al., 1975a; Tarleton and Kalp, 1981; Samuelson and Caulfleld
1982) and would explam the appearance ‘of labelled phospholipids in
the mcubatlon mdmm (Figure 5.3).

Turnover of [1 C) palnutate in the supernatants of OB and IB
fractions was rapld (Figure 5.13). The initial rapid declmg in theu
OB supérn;tant may be the result of adsorbed £ree palmitate being
released. The slope of "the subsequent ir}crease in activity was fot

significant, at P = 0.2, Rapid- turnover of the IB supernatant

, phospholipids may reflect the selective thsnover of those cbmporients

of the bxlayer which were extracted durmg d1g1ton1n treatment.

- The results of this chapter, when v1ewed as a whole, prov1de
smport for ‘the hypothesls that' survival of S. mansoni adults depefds
on their ability to regulate and rapldly Tenew the surface, with the
- Teast expendlture of energy (Podesta, 1982a). It is apparent that the

ph)sphollplds of the surface bxlayers are capable of very rapld .
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. turnover. The suggested involvement of phospholipid inodulat‘ion," with
'the reutilisation of certain wmolecular camponents, would allow this

’rapid turnover to be as economical as passible.

»




CHAPTER 6
IDENTIFICATION OF A SIALIC ACID CONTAINING GLYQOCALYX ON THE -

’ SURFACE OF SCH] I

3

7

6.1  INTRODUCTION

The resistance to host immume effectors that is gradually

. acquired as schistosomula mature from 0-5 days, is thought to be

related to alterations in the ¢ sition of the outér. bilayer .
ompo y

(McLaren, 1980). The biochemical basis of this protection, however,
is not known. Seeking an e)q;lanation fc;r thié phenoinenbn, the general
literature was examined for an analogous situation. A;lthough the
presem:e of an additidonal bilayer beyond the plasma membrane has been
considered unique to,the blood flukes "(McLaren, 1980), a similar

- vstructure is present in a vagiety of other organismg, particulharly

gram negative bacteria (Costerton et al., 1981),

With respect to the composition of the outer bilayer it is now

widely reéogniseci that most gram negative bacteria hé_ve -a glycocalyx

(Costerton et al., 1981). In bacteria, the glycocalyced exert a

profound effect' on the interactions of the invading organisa with the

. host immme system (Joiner et al., 1982; Markham et al., 1982) and

mnme effector cell adhesion (l-hnncks et al 1982) As immune
{
k111mg of sckstosones 1s mediated by smlat systems it is also

' desirable to know whether or not schxstosmla and adult S. mansoni

N

possess a glycocu.yx Despite considerable evidence to the contrary, .

- _they Arg considemd not to have a {lycocalyx (McLaren, '1980). Indeed,

the ougermost bilayer, which is considered to play s crucial role in

© the 5voidm:.e of*bost i-m"oft"ector sechanisms (McLaren and Hockley,



| 1977), is‘postuléted to l}ave replacead the glycocalyx of other
trematodest(Wilson and Barnes, 1977). Data’ supporting the presence of
a glycocalyx on adult S. mansoni’ include histochemical s‘tudie_é showing
the binding of PeriodiclAcid-Schiff (PAS), colloidal iron, cationised
ferritin aﬁd possibly alcian blue (Morris and Threadgold, 1968; Stein
and Lumsden, 1973;; Wilson and Barnmes, 1974a;’ Whéater and Wilson, 1976)
‘and numerous studies showing lectin . b}hding to the surface (Simpson
and Snuthers, 1980, ¥0rp1er and Capron, 1980; Linder and Huldt;
1982). Biochemical studies have® also revealed surface glycoproteins
(Hayunga et al., 1983) andw glycosyl transferases (Rumjanek and®
. Smithers, 1978) and results of the previous chaptezl indicate galactose
incorporation- into the surface bilayers. The pres;'ent study was
tﬁerefore prompted ,by’ inconsistencies beiween the unusual absence of a
N glycocalyf and the ample evidence for the .presence of surface
carboh'ydrates | |
Prev1ously the gl)«:ocalyces‘of many bac:tenal spec1es remained
undetected due t6 ° the dependence - of the dehcate, hydrated
polysacchande matrices op hydrogen bondmg ((bsterton st al., 1981),
causing the coat to collapse agamst the surface membrane during
dehydratlon for electron mcroscopy Ruthemun red which binds
anionic moieties of pplysacchande matrices in the external coat, may
be ‘used to prevent such collapse during ‘del?ydr:;tion (Sideri et al.,
1982). 1In the present chapter the use of t;hi§ method is reported to
prc;dl;ce similar observations for the effect of ruthenium red on thf

surface of S. mansoni males, females and schistosomula.

6.2 MATERIALS AND METHODS

' o
Adult S. mansoni were gently expressed from the cut ends of the
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hepatic portal vein "of Syrian hamsters, infeéted . 40-45 days

previously. The, worms were processed for electron microscopy either

-

immediately or after extensive washing of the parasites in Kreb's
'Ringer Phosphate (KRP), pH 7.4 at 4°C. Mechanically obtained
schistosomula (MS) were obtained fliom cercariae following the method *
of (Brink et al., 1977}. Briefly, cercariae were vortexed at high
speed for 2 minutes, incubated in x’ninimala volumes of medium .f’99 for 30
’ ininuj‘es and \;ortexed As beforg. These schistosomula were incubated -in
medium 199, without segm, at 37°C in 5% co, for 24 hours.before
use. . Serum Was omitted from this preparation to allow comparis\son of
schjstosomula which had not been-exposed to “host macromolecules with
those which hed, the skin penetrated schistosomula.  Skin
schistosomula (SS) vn;ere produced by allowing cercariae, in aged water,
to penetrate through isolated and shaved hamster skin, which was
tighfly.clamp.ed over a tube of medium’199 with 5% heat "inactivated

human serum (HIH), at ‘37°C (Clegg and Smithers, 1972). The’
preparation was incubated for 3 ;murs' and schistosomula were
subsgquently concentr:{ted/ by centrifugation of the medium at 12(; X g
fo{ 2 minutes. Before; use 3S were incubated for 24_hours ¢as above,
with the addition of 5% HIH‘ serum. Lung stage schistosomula were
obtained from the lungs of hamsters, infected 6. days pre'vi,Ously by
sui:cutaneous injection of 2,000 cercariae, by the lnethod of,tBr'iﬁnk‘
(1982). After perfusion via the right vem':ricle, to remove excess
blood cells, the .lungs fro;n 8 hamsters were finely minced and
mcubated for 6 hours in Eagles Mnumal Essent1a1 Medium w1th 5% HIH
. serum, contammg 0. 1 mg/ml gentamycm sulphate, at 37°C m 5% (302

.

Lung debris was removed by filtration through stainless steel mesh (20

mesh/cm) and the schistosomula spun down at 80 x g for 30 minutes.

L]



'For, neuraminidase treatment, adult S. m were incubated at 37°C
in trKRP, pH ©.4 with 3.3 units/ml neuramirlidaée (Clostridium
perfringens type V, Sigma Chemical Co.). Control incubations were
similarly performed in the absence of neuraminidase. ‘

= Schistosomula and adults were préparéd for electron microscopy
¢ .following the method of Luft (1971). Fixatives contained equal
' proportmns of 3 6% glutaraldehyde, Q.2 M cacodylate buffer and 1,500
ppn ruthemun red (Polysc1ences Inc.). Specmens were post -fixed in
1.7% osmmn tetroxlde and 500 ppm ruthguum red buffered” in 0.07 M
.sodlu;n cacodylate, - dehydrated in acetone, embedded" in Araldrte,
sectioned wgth a diamond knife. Grids were examined in'a Philips 201
electron mlcroséope unstained or- stamed w1th lead c1trate and uranyl

acetate. g T

6.3  RESULTS L

Ruthe'ni't‘xn red. fixation of 'adult‘ flukes revealed the exi‘stence
of a negatively charged layer extern;l to the outer bylayer
1nd1catmg, for the f1rstat1.me, the. presence .of a glycocalyx on the

schlstosane surface whrch .was smllar to the surface coat of other
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'tell types (Figyre 6. 1) Ruthemun red has .also preserved the

mtegnty of the outer bilayer of S mansoni in the absence of uranyl
" acetate post -fixation.

' ‘mch of the adult surface exhibited a r@gularly spaced array -of
dense aggregated material (Figure 6. 1) The” aggregates were
approxmately 21 m wzde and 11.5 nm in height and appeared to

correSpond with clmps of electron dense matenal in the: mterbrlayer

~space. Scne further indication of possible coqmmcatwn betueen the'

two bxlayers was found in areas where thin dense lines appeared to

v 1



Figure 6.1

«
Electroq. micrographs showing \L.:.amllsatlon of the

glycocalyx of S. mansoni with ruthemum red a, 24 hour
skin penetrated ;mstosomulun, Wﬂyaa smgle bilayer
visible on' the surface. b, dense” aggregates on th_e adult
female surface. . Encircled area is enlarged to show
pat;eming of the bilayers. ¢, male dorsal surface‘,
showing extensive surface glycocalyx. d, male ventral
surface with aggregated surface coat material. Grids a
and b were stamed with lead citrate and uranyl acetate,

wh11e c and d were not stained. Bars represent 0.1 pm.
e






traverse each bilayer in close alignment (Figure‘(6.1b).
Regional and sexual .differences were found in the patterning of

' the'celui surface coat (Eigure 6.1).: The aggregated distribution,
discussed above, was characteristic .of the male Ventral and female
‘ surfaces. Although the male dorsal surface exhibited some patterning,
, . the codt was usually denser and thicker (up to 150 nm), forming a more

+cont inuous cﬁovering. thh ruthenium red fixation none .of .the 24 -hour

schistosomula showed development of the outer bilayer and surface coat

comparable to the adults. Only occasionally were areas of double

"bila‘yer evident, some exhibiting small clunps ‘of surface coat.
Ruthenium red did bind to the surface. of lung stage schistosomula
(Figure 6.3). The surface coat agﬁn had a® clumped distribution,
exhibiting a c1rcu1ar appearance in ‘places, dependmg upgn the angle
of sectioning. : .o -
Control worms in the nenramini‘dasé experfments were of normal
‘ s appearance, except . for some larger aggregations of' surface coat

‘material (Figure 6.2a). Neuraminidase treatment however, removed most

of the negatively charged surface coat materlal and caused an apparent

’&\ Ay incredase in the prevalence of multiple stackmg of bilayers (Figure
6.2b). The glycoCalyx was no longer 1dent1f,1ab1e over most of the »"
surface, regardless of the number of bilayers present.® General.
tegument morphology was also §Bme\what altered, altpbugh the integr'ity
of the cytOplasm\ and outer membrane was preserved. Basal vacuolaj:ion
. - was observed -in addition to’ increased amounts of bilayer material‘ang

variant disg:pid bodies, the 1latter appearing to be involved in a

previously . undescribed secretory process, possibly related to the
f .

: surface coat (Pigu}e 6.2c).




Figure 6.2 ' Electron' micrographs of the surface of S. mansoni
- adults; showing tﬁe éffeqts of neuraminidase treatment on _
ruthenium ted staining patterns of the gﬁycocal}x. In
addition to‘ruthenimm red fixation, these specimens were
Rvst f;xed overnlght in half-saturated a&teous uranyl
3 acetate " None of 'the sectlons were stained. Jn a and b
the scale bars represent 0.1 pud and 1.0 pm in ¢ (10mm in
S enlargement). a, control S. mansonl, following incubation
,atpH 6.4 f9r 30 mxnutes in the absence of heuramindiase -
~note the preSenCe of surfaee] coat material. b, the{
effects of neur;minidase treatment. Adu were incubated
at pH 6.4 for 30 minutes Wl!h 3.3 un1ta¥m1 neuram1n1dase \
,/’; ¢ Mu1t1p1e bilayers ‘are “evident ‘and the surface coat ;is
N | lacklng ,'C, the effects of neiraminidase ‘treattent.
. ;o ~ Adults were treated as in (b) Lirge'numbers,of Qisceig/

-

bodies, amorphous vesicles and basal’ vacuolations are
5 . : o .

evident in the teéument. - Enlargement shows.a discoid body

-

‘apparently, involved in a secretory process.
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Figure 6.3 - ELecfron—micrbgraph showing' i'uthehium rgd staining. of

‘surface coat material (Sc) om.§ day old “schistosomulum.

Note surface coat in pits (P)' and also the dense staininhg

: of_thgé tegt,ﬁgnt cytoplasi (c). (Db) imi,fca‘tes the double

bildyer of the apical membrane. " Bar represents 0.1 pm.

-

"
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6.4  DISCUSSION - : h S
‘ Altheugh the surface of S. mansoni is known * to have expo’sed'?
glycoproteins and_glycoIipids and to bind colloidal ,iron and a variety
ofslgctins, there has been no prior morphologlca‘i identification of a.
glycecalyx (McLa’ren, 1980) ) Indeed the complete bilayer externaL to: ‘ .
the plasma membrane has prev1oust been v1sua11sed only with uranyl

acetate. post f1xat1on and has been postulated to replace the

gl’ycocalyx of other trematodes -(Nilson and Barnes, “1977).

-
A

Surpr1smgly the rutheniym red used .in the present study, in addyuon'
to stabilising the glycocalyx, has preserved the integrity of. the
entire outer bilayer in thé absence of uranyl acetate. In 'some..of the
sections (Figures 6.1-5 and 6.3), eepeqially those of -schistosomula,
the internal: structures appeared to have been staineJd by ruthenium
. w;red, indii:ating some penetration of the stain. |
| A clumped distribution was evicient over lerge areael»‘of the
adults. A eimifar patterning of the cell coat has been ﬂ.r_eported from

bacteria (Costerton g'\E’ al., 1981) and another syncytial membrane -'_

that of the mammalian placenta (Sideri et al., 1982). Although
r:lunping could represent a fixation arjrifaet, the clumped distribution

on bacterig} surfeces has been explain?d by the presence of dgnains in
the outer bilayer. These zones of adhesion are thought to eonnnmicate
with the. inner bilayer, to be involved in signal transduction across
" the bilayers and. to ) involve the export of protons, ions,

lipopolysaccharides, phospholipids and oufer bilayer preteins

(Magnussen and Bayer, 1§82), The corresponding aggregation of surface
‘and interbilayer ‘material in S. mansoni may result from a permanent
, association between the two, or both may have clumped simultaneously

during fixation. Although we can not pr_esentiy_ distinguish between




i
these p0551b111t1es the results do point to possible meehamsms for

182

matenal and mformauon transfer between and across. the )two bilayers,

as was proposed for bllayer phOSphOllpldS in Chapter 5. /
" The observed ‘regional ‘and sexual d1fferepf_es/1n surface coat

@ b

morphology may represent structural hetérogeneny, or the viscous -

nature of the male dorsal surface (Johnson et al., 1982)" may have
7

prevented the lajceral aggregation. of “surface” material during

fixation. The functional heterogeneity of the schistosome surfaces is '

| : . & . . . .
. evident from'the results of other studies showing preferential binding

(3

‘to the male . dorsal sorface of ’lectins (Torpier and‘ Capron, 1980;
Linder and"l:mdt, 1982), é.omplemont (McGuinness and Kemﬁ,‘ 1981),
ciialysed iron (Morris and Threadgold, 1968); and PAS (Wheater and
Wilson, 1976). In addition, ‘t_he diff-erontial adhesiveness of the
surfaces of “S. mansoni (Podesta et al., 1983), as estimdted from
int_erﬁcial free eﬂefgy determioa;tions (Boyce‘( et al., 1983), can be
explaMi on the ba§i; of glycocalyx morphology discussed in this
study. The male dorsal surface is exposed "to immune effector cells
and presents a tﬁick ‘hydrati-on loyer of low interfacial free energy
and hence agl_hosiveness (Podesta, 1982a). In contrast tho sequestered
male ventral and female surfaces (Ph'illip‘s and Colley, 1978) are more

adhesive, as indicated by the thin discontinuous surface coat (Figure

]

6.1), higher interfacial free energies (Podesta et al., 1983) and the

non-specific adherance or trapping of bacteria and red blood cells to

the male ventral surface (Kemp et al., 1977; 1980). Again a similar

correlation is present 'm bacterial systems between interfacial free

energy, adhesiveness and the extent and aggregauon of the surface
glycocalyx (Edebo et al., 1980)

Although the outer bilayer of developiﬁg schistosomula was

s
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described ds being almost complete by 3 hours (McLaren, 1980), other
workers have found that in vitro this process may take from 6-48 hc‘mrs
(Murrell et .g_l_., 1978; Taylor et al., 1981; Butterworth et al.,
1982). The 1lack of an outer bilayer in skin penetrated and
mechanically transformed schistoso;nula from this study may reflect
slow development of this layer or, in the absence of a 'gllyéocalyx, the
OB may riz)f‘be ‘stabilised by fufhenium red. Further studies may
differer‘lti.ate‘ Bet_ween these t;vo p’henc;mena, but it is obvious that the
young sch'istosomu}é in this study. d‘id‘ not possess ‘a glycocalyx
comparable to the adult flukes. .

The poorly developed surface coat may 'help. to explain why
schistosomula under 48 hours post-transformation bind more antibody

and in’mune effector cells (Dessein et al.,- 1981) and express surface
antigens to a greater degree t‘han old?r parasifes (Butterworth et él.,
1982). They. also activate compl'ementv by the' alternate pathway
(Dessein et al., 1981) and are more §G$ceptil;1e to imune effectoss
(Dean, 1977). '

Lung ' stage séhistosomqla however were féund to possess a
surface coat. During maturation the a:histosmwia updergo a declir{e
in antigenicity and susceptibility (Bickle and Ford, 1982), which is
independent of any host antigen disguise (Sher and Mosgr, 1981). Gram
negative bacteria with reduced glycocalyces are also known.to be-more
~vulnerable to:immme effectors, e;specially to cell.-mojd;;ted damage
(Edebo et al., 1980; Okamura and Spitznagel, 1982). The lack of a
complete ﬁlycocalyx on young schistosomula and its " .'subsequent
devélopnent by 6 days may t;e a-key to our understanding of conco:‘ni.tant'
immmity, where the resi@gnt'adult popﬁlation survives in the face of

an immume response which kills invading schistosomula (Smithers and

L}
4+
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Terry, 1969a).
v

- - * ¢ ~

Results of the éxperiments utilising parasites exposed to
neuraminidase suggest the presence -of surface sialic acid, this
conclusion being consistent with previous lst.udie5 (Simbson and
Smithers, 1980; Samuelson and Caulfield, 1982). The lack of staining,
following neuraminidase treatment, argues for the colntributién- of
sialic acid .to surface charge, as ‘has been found in other Systeuls
(Sherbgrt; 1978).‘ Simpson and Smithers (1980), however, . using -
indirgct lectin-binding tecﬁniques on fixed worms concluded that
sialic acid, although present, did not coﬁtribute significéntly to the
nééative surface charge. In bacterial and othe:r systems sux:face'
carbohydrates, especially sialic acids, afford protectibn from the
~ effects 6f_ complement ' .and (pre\\rgnt its activation by the alternative
pathway (Liang-Takasaki et al., 1082; Markham et al., 1982). Recent
evidence however, suggests thax adult S. m_an_io_rg will bir}d 93 via
the altemaltive pat'hway of complement activation (Tarleton and Kemp,
1981; Linder and Hsddt, 1983). The protective nature of the
schistosome gly&&a yx may, therefore, be in prevention of - the
insertion of the temminal hydrophobic “and lytic components of the

complément system, as in some bacterial systems (Joiner et al.,

1982). Many a'reas of multiple bilayers were evident following
neuraminidase treatment, suggesting either ‘anﬁ increased rate of
qecretion of .the outer bilayer c;r inhibition of surface shedding.p
| A very recently published paper provides support for the
results ‘presented in thls chapter. Simpson et al. (1983) concluded,

» from ‘increased lectin binding followmg neurammdase treatment, that

+" lung stage and adult worms have surface sialic acid, whilst young ~

schistosduﬁjla do not. Coincidentally the¢ lung and adult stages had a
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negative surface charge .implicating sialic acid as.a contributer to

’

surface charge. In condlusion it is apparent from the present stucly~ ‘

.« ' that ‘the . host-parasrte mte'rface consrsts of a c0mp1ex, hydrated

| charged carbohydrate coat and that the functmn of the outer brlayer
can not be -to replace ‘the glycocalyx -of other cells. Srmrlar to

, mcroblal systems th? glycocalyx of, sch1stosomes probably affords
protection from the immme %esponse by a variety of mechamsms,
including decreased cellular adhesrol,ra;nd protectign- from the effects:
of complement. Although the outer bilayer of S. M is thought to

. deve10p'within Mours (McLaren, 1980) the glycécélyx_is not complete
at 24 hours and this may account for the previously unexplained

susceptibility of young schistosomula to immune clearance.




CHAPTER 7

+ CQONCLUSIONS

’

- The initial aims of the thesis, to develop techniques for

»

separating the surface bilayers and to investigate turnover of the

surface bilayer pliospholipi’ds, have been. accanpliishe'd and the

,l N -
following conclusions may be made.

¢

‘presuned funcgmn

The proposed asymmetry of the apical and basal membranes of

thé surface syncytium was confirmed following the separation

of these layers.

Multilamellar bodies (MLB), the presumed precursors of the

apical surface bilayers, miy be quantitatively prepared from ,-

'S. mansoni employing ' techniques. similar to those for

isolating mltilameilar bodies from mammalian lung.’
Scl}igtosome . MLB possess an apparent projectior;’ co.re,'
possibly analogous to those of mamgialisn lung multilamellar
bodies. L. | |

Sch1stosome MLB contam the . same major phosph011p1ds as the

.apical surface b11ayers, provxdlng further support for their

o

.
.. N

The. phogpholipid to protein ratio of sclristosome MLB is
lower th;% lung mu1t1lame11arw bodxes.‘ , :

[1251] dlazotlsed iodosulfanilic acid can be employed as a
marker for the outer b11ayer (OB) of the’ apxcal mbrane,

complex and alkalme phosphatase is & useful marker enzyme.

for the imner bilayer (1B). B ‘. /

4 00



‘ : ' . . 187

-

Lactate dehydrogenase'release‘may'bé monitored as a measure
of cytoéolid leékage'hﬁgfhg membrane removal'procedufes. ‘
Markers characterised far the oute; and:inner bilayers allow
the quan‘:itative sépa‘ration -of the two bilaye‘?s by
‘sequentiai. exposures to a digitonin membrane diéruption
fluid. b
‘The outer bilayer' has a higher. percentage compositioh of
phospholipid than the imner bilayer. .

Differences in phospholipid composition of outer and inner
bilayers are quantitative rather thanlﬁualitative. )
The innef bilayer is analogous to the traditionai plasma'
membrane of other cell types. |

An intact outer -bilayer does Aot hppea£ té be necessarx“forn'_
" the maintenance of cytoplasmic integrity. _

[SZP] is incorporated in vitro into the phosﬁhélipids of
the outer and inner bilayers.

[SZP] labelling patterns of outer and inner bilayer
phospholipids during an in vitro chase period give
'preliminarf indicatiens of heterogeqeous turnover of
BPASpholipids.

Adult S. mansoni can incorporate .glycerol into lipid and .
water-soluble phages in vitro. ‘
Glycerol effluxes from two compartments in the. water-soluble
phase, from a .lar.ge pool and from a smaller less rapidly
| exchanging pool.

Glycerol effluxg; from one compartment in the lipid phase.
Palmitate effluxed from two compartments- in the
water-soluble phase, from a small rapid pool and from a

larger less rapidly exchanging pool.
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: fglmitate effluxed from one compartment in the lipid phase.
' Metabolic precgrsor" leibélling ;f lipids, when combined with
L outer and ‘inner . bilayer separation procedures may be
R employed to detgnnine turnover rates of outer and irner

.ﬂ

‘bilayer. lipids.

© Utilising [14_ palmitate as a precursor, lifaids of the

outer bilayer® turnover with an apparent half timé of 1.5

hours.
L . ‘ .
Lipids of the inner bilayer turned over from a rapidly
exchanging pool (t Y2 = 0.2 h;mrs) and from a smaller
slower pool (t Y2 = 17.3 hours) o
P S .+ Lipids of the outer and inner bilayers- turned over at
- ‘ significéntly different rates. |
Supernatant bilaye,r‘ lipids exhibited different kinetics to
those that remained mbryﬁe-l;qund.
S. mansoni is capable of rapid turnover and modulation of
surface bilaye}‘ phospholipids ‘and this -may be correlated
with protection from immme effector mechanisms.
Ruthenium redp can be used to visualise a negatively\charéed
glycocalyx on the surfac‘e of S. mansoni. -
The' glycocalyx is most extensive on the male dorsal surface
and has ari aggregated appearance on‘thé male ventral and
female surfaces. o
Young 'sghistoso;nu;a lack a giycocalyx, vwhilst' lung stage and
’ adult paﬁsites possess- a glycocalyx and this may help to

explain the phenomenon of concomit;ant immmity.. . '
.Sialic acid may be responsible for the negat:iv'e charge of

bl

ithe schistosome surface. .



\ . .
Appendix I. Phosphorus assay, based on the method of Rouser et al. ',

»

© (1970), for the quantitation of phospholipids.

-

All glassware used in this assay was rendered phOSp}late-free by
v

soaking in acid and.washmg in phOSphate-free detergent

Protocol.. -- Evaporate sample 4

Jruont hufhatstiut b

- add 0.1 ml concentrated H,50, and char over an open

flame _
- add 0.05 ml perchloric acid and héat OVer flame ntil
" clear (completely oxidised). (\ :
" - -add 2 ml H)0 :

- add 1 ml 1% ammorflum molybdate *
-, - add 1 ml 4% ascorbic acid '
- . incubate for 10 minu?es at 70"0(:‘.._

- read optical density at 820 nm.

. The standard curve was prepared from. a solution of 0.1 mg/m}

potassium dihydrogen bﬁosphate and fanged from 0.2 - 14.4 ug
~ phosphorus. ‘ '
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S ' ENRICHMENT AND PARTIAL ENZYME CHARACTERIZATION OF ATPase
. . ACTIVITY ASSOCIATED WITH THE OUTWARD-FACING MEMBRANE COMPLEX
- AND INWARD-FACING MEMBRANE OF THE SURFAC!} EPITHELIAL SYNCYTIUM *

g ‘ " OF SCHISTOSOMA MANSONI
: | . .
/7 RON B. PODESTA and SHONA S. McDIARMID | .
Membrane Biology Laboratory, Department of Zoology, University of Western Ontario, London,

Canada N6A 5B7. ‘ . s
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¢
) The outward-facing (OFM) and inward-facing (IFM) membranes of the surface epithelial syncytium
s ey . of Schistosoma mansoni were sepanated by sequential exposure to saponin splutions. Thé OFM, con- .
! taining both inner and outer bilayers, contained ATPase activity that was stighulated by Mg?* and Nr',
. but not K* or HCO; , and was inhibited by Ca”* and ethacrynic acid. The OF N enzyme was unaffected - .
. by ouabain, oligomycin, SCN' and ‘azjde and had a pH optimum of §.5. The OFM ATPase therefore '
| has properties similar to ATPases characterized from the apical membrane of a variety of epithelial
cells where it-is thought to augment the regulatory. cell volume decreasing function of (Na*+X*)Mg?*-
ATPase. The IFM contained ATPue acmdty that was stimulated by Mg?*, Na* and K*, and was
inhibited by ouabain mduatmg that the IFM enzyme was the Na* ATPase. The results are .
discussed in terms of the transepithelial transport function of the surface epithelial syncytium mcl a
Ca:;ﬂ'?m reponed pte\nously from the OFM of S. mansoni.

Key words: Schistosoma mmuom', Epithelial membrane:, ATPape,'Membrm enzymes Membrane
isolation. . .

. *
- s r

r INTRODUCTION

" A number 9f attempts have been made to isolate tHe surface membranes of parasitic
platyhelminths, ‘particularly “the surface membranes of Hymenolepis diminuta [1] and
Sehistosoma mansoni [2] However, the purity of the membrane fractions obtained in
[ - these studies has not been tested with the use of enzyme markers for conta.minatmg

membranes. Isclation of the surface membranes must exahge contamination by mem-
. branes of mitochondria and other cell organelles and, since the surface of endoparasitic -
platyhelminths is a polarized epithelial layer [3, 4], cross-contamination between surface

Abbreviations: IFM, inward-facing membrane; OFM, outwatd-facing membrane; MLB, multilamellar
bodies. , : : > - -

- © 0166-6851/82/0000—0000/$02.75 © 1982 Elsevier Biomedical Press
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(outward-facing, OFM) and basal (inward-facing, IFM) membranes of the epithelial
syncytium requires caution. However, due to the syncytial nature of the surface epithelial
layer, it should be possible to sequentially remove the surface membranes without the
necessity. of further purification routines which would be required using homogenizéd
cells. . i Ly . . [}

- The most commonly used marker enzymes in epithelial cell membranes are the adeno-
sine triphosphatases (ATPases). The basal membranes of epithelial cells contain a Mg**-
ATPase which can be distinguished from mitochondrial- ATPase by 1ts sensitivity to.

" ouabain [S]. The ATPaseMound in the apical membrane (OFM) of epithelial cells is also

insensitive to ouabain and has recently been distinguished from’ rmtochondna] ATPase by
the sensitivity of the latter to azide [6]. .

In the present study we obtained membrane fractions from the gurface eplthehal
syncytium of S. mansoni that-+ere enriched with either the OFM (plasma membrane and
outer membranous surface coat) or the IFM. We report on the partial chara.ctenzahon of

ATPase activities in these membrane préparations. In separate reports “we describe” ex-,

periments in which we xsolateehl' the multilamellar bodies [7] and associated phosphatidic
acid phosphatase activity” [8] ‘and separated the surface plasma membrane and associated
membranous surface coat [9). =7

MATERIALS AND METHODS

Membrane removal: Adulfs of both sexes of Schistosoma mansoni (Puerto Rican Strain)

were obtained from infected Syrian hamsters 40—45 days post-infection by cardiac per-

fusion with cold Krebs-Ringer phosphate (pH 7.4) using conventional techniques. After

wathg in Krebs-Ringer phosphate, the worms were incubated in the membrane disruption

fluid at 4°C for 5 min. The membrane dxsruptlon fluid contained 0.5% saponin Gxgma.

Cbenucal Co.) and 3.0% CaCl, in-0.1 M Tris/sucrose buffer, at pH 7.4. This solution had

" an osmroldrity of approximately 350 mosM (Instrumentation Laboratories osmometer).

Following incubation the worms were vortexed for 30 s at high speed and then filtered
over a plastic mesh. The fluid resulting from the first incubation was stored on ice and the
worms placed- in fresh membrane disruption fluid for a second incubation of 7 min.
Worms from the second incubation were vortexed and filtered as before. After each
digest several worms were removed and stored on ice for eléctron microscopy.

The suspensions from both incubations were spun at 500 X g for 10 min to remove
any larger particles. Membranes from both fractions were pelleted at 20 000 X g for 1
h at 4°C. For enzyme analysis, the membrane pellets were resuspended in Tris buffer.

Electron microscopy: Untreated S. mansoni’ aduits and saﬁ\-ple carcasses from the first
and second incubations were processed for electron microscopy. Pellets or worms were
fixed for 3 h, at 4°C, in 2.5% glutaraldehyde/0.05 M cacodylate buffer with 3% sucfose
and 2.0.uM calcium acetate. After sev rinses in 0.05 M cacodylate, with 12% sucrose,

the fractions were postfixed in 1.0% ésmium tetroxide for 1.5 h, washed in distilled -
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water and left in 50% saturated aqueous uranyl acetate overnight. Fractions were washed.

and dehydrated through an ethanol series to propylene oxide. They were then infiltrated
in propylene oxide: resin mixtlgres and embedded in Araldite 6005.
“Thin sections (6001000 A) were cut, with glass knives, on a Philips OMU 3 ultra-

microtome. Grids were stained with'uranyl acetate and Reynold’s lead citrate and ex-

amined in a Philips 201 electron microscope.

Enzyme assays: ATPase aEtivity was measured for up to 20 min at 37°C according to
the method of Ryre [10]. Phosphate liberated from hydrolysis of ATP was determined
by the method of Taussky and Shorr [11] in a final volume of 4 ml. Protein deterinina-
tions were conducted according to Lowry et al. [12]. When Na* free reaction mixtures
were- required, 60 mM disodium ATP (Boehringer) solutions were rendered Na'-free
- according to Rahman et al. [13, 14]. '

RESULTS

Electron ficroscopy: Electron” micrographs of the surface epithelial syncytium of S.
mansoni prior to membrane removal and after removing the OFM and IFM, with associat-
ed pelleted material, are shown in Fig. 1. The syncytium is bounded by an OFM and IFM

and contains membrane bound organelles, including the multilamellar bodies (MLB)

and discoid bodies (Fig. 1A). Following the first exposure to the saponin suspension,

the OFM was removed, leaving intact most of the syncytial material mcludmg the spines
and IFM (Fig. 1B). The pellet derived from the first saponin exposure contained mostly
membrane material (Fig. 1D), which was characterized by having two bilayers (Fig. 1 F),
a feature consistent with the OFM being a heptalaminate barrier. Following the second
saponin incuba&n, the surface of S..mansoni was devoid of syncytial material (Fig. 1C)
and the pellet was characterized by the presence of spines and- membrane material (Fig.
1E). Compdﬁsons of Fig. 1D and E indicated that the pellet of the first saponin treat-
ment contained membranes with far less contaminating material than that obtained
from the second exposure td saponin. However, since the enzyme data derived from
these pellets were consistent with the epithélial nature of the epithelial syncytium (see
below), the primary ijecﬁve of this study was satisfied and no further purification of
the membra:)g material was attempted. J

ATPase activity: The ATPase activities of both the OFM and IFM membrane fractions
were linear with respect to reaction time up to 20 min and protein in the reaction mix-
ture up to 7080 ug per 0.1 ml of membrane suspension (Fig. 2). The activity in both
fractions was dependent upon Mg?* concentration up to 3.5 mM Mg?*, beyond which
no further stimulation occurred (Fig. 3). Dependence of the ATPase activity on the pH
of the reaction mixture-is demonstrated in Fig. 4. The optimum pH in both the IFM and
OFM fractions occurred in the pH fnge of 7.0—7.5, although the curve for the IFM
indicated a broad range of pH over which the ATPase activity was at or very near optimnal
levels (pH 6.0—7.5). "
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Fig. 17Electron micrographs of the surface epithelial syncytium of Schistosoma mansoni prior to apd.
after sequential removal of the outward-facing (OFM) and inward-facmg (IFM) membranes. A, prior R
to incubation in the membrane disruption fluid; B, surface after the first incubation in the membrane
disruption fluid; C, surface after the second incubation in the membrane, disruption fluid; D and F,

membrane pellet after first incubation; E, membrane pellet after second incubation. A, B, C, E, bar
represents 1.0 um; D and F, bar represents 0.1 um. ’
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Fig. 2. Dependence of ATPase activity on time of reaction and protein in reaction mixture obtained
from outward-facing (OFM, A and B) and inward-facing (IFM, C and D) membranes of the surface
epithelial syncytium of Schisfosoma mansoni. The reaction mixture contsined 48 mM Tris-HCl (pH
7.5), sucrose to 300 mosM, and when added, 5 mM MgCl,, 100 mM NaCl, 20 mM KC! and 5 mM
CaCl, , cach added at the expense of sucrose.

The jon-dependénce of the ATPase activities from the IFM and OFM prepasations
are ‘indicated in Table I and Fig. 2. The OFM enzyme was stimulated by all-ion combina-
tions except when K* or HCO; was the co-ion with Mg?* and when Ca* was included
in the reaction mixture producing an inhibition of the enzyrme activity. Maximum activity
‘occurred in the presence of both Na* and Mg?”. Similar results were obtained for the [FM

enzyme except that K* aiso stimulated the activity when in combination with Mg?*.

Maximum activity occurred in the presence of Mg?*, K* and Na* (Table I and Fig. 2).

Distinguishing between the enzymes from the two membrane preparations was made.

easier using inhibitors (Table II). Ouabain inhibited only the enzyme in the IFM, etha-
crynic acid inhibited only the OFM enzyme and, as an indicator of contamination by
mitochondrial ATPase, azide inhibited only the ATPase activity of the IFM prepara-
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Fig. 3. Mg®*-dependence of ATPase activity obtained from membrane fractidns of outward (OFM)-
and inward (IFM)-facing membranes of the surface epithelial syncytium of Schistosoma mansoni.
The reaction mixture contained 48 mM Tris-HCl (pH 7.5), 100 mM NaCl, 20 mM KCl, 4 mM ATP,
100 ul of membrane suspgnsion and 35 mM sucrose. Sucrose was replaced with MgClL, to desired Mg"
conecnttmon y
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tion. Ohgomymn and SCN™ had little or no effect on the enzymes in either membrane
preparanon ‘

DISCUSSION

1t has been shown using the results from membrane transport studies that the surface
- of endoparasitic platyhelminths, in particular Hymenolepis diminuta and S. mamom \
is a polarized epithelial syncytium capable. of vectorial transepithelial transport of solutes
and water {3, 4, 15~19]. Transepithelial transport is possible only if the hmftmg mem.
branes of the -epithelial layer are asymmetrical with respect to their permeability prop-
erties and the enzyme activities associated with the differential permeabilities [3,4]. Al
though asymmetry has been demonstrated with respect to ion, water and nonelectrolyte
transport, this is the first study showing asymmetry of enzyme activities associated with
. ion transport in S. mansoni. As supported below, the OFM of S. mansoni contains etha-
crynic acid inhibited ATPase activity similar to that observed in the OFM of several
other epithelia [6] while, as in all transporting epithelia so far examined, the IFM con-
taing ATPase activity that has properties similar to the classical Na*-pump, or (Na +K’)
Mg?*-ATPase.

Our first problem was to obtain fractions enriched with OFM and IFM. Usmg the
saponin method of Kusel {2], under rigorously controlled incubation times, we were
able to séquenﬁa.lly remove the syncytium in two time-dependent fractions, one con-
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Fig. 4. Dependence of ATPase activity on pH of reaction mixture using enzyme from membrane
fractions obtained from the outward-facing (OFM) and inwa:d;fac'ing (IFM) membranes of the sur-

face epithelial syncytium of Schistosoma mansoni. The reaction mixture contained § mM MgCl,,

100 mM NaCl, 20 mM KC}, 100 ul of membrane suspension, 4 mM ATP, 48 mM Tris-HCl buffer in |

range of pH 6.0-9.0 or 0.1 M 4-morpholintoethanesulfonic acid buffer below. pH 6.0.

taining IFM and the other containing OFM membranes. The first exposure to saponin
removed approximately the apical half of the syncytium containing ;He OFM but leaving
‘the IFM and spines intact (Fig. 1). The absence of ouabain-sensitive and azide-sensitive
ATPase activity in this fraction rules out contamination by IFM.and mitochondrial
membranes (Table II). Although we did not observe intact multilamellar bodies (MLB)
in this fraction, contamination by these organelles is likely if the MLB are disrupted. We -
haye recently isolated 2 MLB fraction from S. mansoni in which it was shown that mem-
brane material from disrupted MLB have a double bilayer appearance characteristic of the
OFM [7]. However, if the MLB are the precursors of the OFM [7, 8], then contamination
of our OFM fraction by MLB#will not alter our interpretation of the ATPase activities
associated with the epithelial syncytium’ of S. mansoni. Double bilayer structures were
. not observed in the IFM fraction.

The second exposure to saponin removed the remainder of the surface epithelial syn-
cytium, including the spines and the IFM. The latter is supported by the presence of
ouabainsensitive ATPase activity associated with this fraction, although contamination
by mitochondrial ATPase was evident frpm the partial inhibition (18%) by azide (Table
IT). However, this fraction was not as clean a preparation as that obtained from the first
saponin eéxposure anid the lower ATPase activity (Fig. 2) per Ing protein from the IFM is
probably a reflection of contaminating protein.

Id
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TABLE ] ' -

lon dependence of ATPase activity associated with membrane frictions isolated from the surface
epithelial syncytium of Schistosoma mansoni

lon composition? OFMb . IFM®

Mg™ 0.281 £ 0.014 0.141 £ 0.011
Ca? “+ 0.033 :+ 0.009° 0.023 £ 0.007¢
Mg3*:Ca* ‘ 0.058 1 0.010¢ , _0.051 £ 0.009¢
Na* 0.096 + 0.012¢ ‘ 0.076  0.009¢
Mg**:Na* 0.326'2 0.017¢ 0.176 £ 0.010°
K . 0.062:0.011° . 0.071  0.008¢
Mg*:K* 0.269 £ 0.015 07188  0.016°¢
Na":X* ' . 0.114 £ 0.013¢ . 0.089 £ 0.011¢
Mg**:Na*:K* 0.318 £ 0.019¢ 0.205 + 0.012¢
HCO; . 0.088 ¢ 0.009¢ 0.059 £ 0.009¢
Mg ?*:HCO; 0294:0014 | 0.136 ¢ 0.009
Mg**:N¢":K*:HCO; 0.324 £ 0.013¢  # , 0.217 £ 0.010¢

*
3 The reaction mixture contained 48 mM Tris-HCI (pH 7.5), 100 ul of membrane suspension made
" up to 300 mosM with suctose. When added, thé reaction mixture contained (at the expense of
sucrose) 5 mM MgCl,, 100 mM NaCl, § mM CaCl,. 20 mM KCi and 25 mM K, +HCO, (eqtnh-
brated with 5% CO ).
> Units: umol P; « min™! - mg™' protein.
Significantly different from results with Mg?* alone at least a( 5% level of dsmﬁcance wnth at least
§ degrees of freedom. -

\

RN

TABLEII

»

Effects of mhnlﬁton on ATPase activity associated with epithelial membranes of S. mansoni

- OFMP IFM?
Inhibitor . - ) ’
Control® 0331:0011 0.229 1 0.009
Quabain (1.0 mM) 0.320 1 0.011 0.076 + 0.015¢
Oligomycin (25 ug in ethanol) 0.318¢ 0.013 ° 22 0.206 3 0.012
SCN" (1.0 mM) - . 0.304 £ 0.010 0.215 + 0.011
Ethacrynate (2.0 mM) 0.115 £ 0.016¢ 0.2111 0.014
Azide (5.0 mM) . 0.32112 0.012 ) 0.188 + 0.010¢

2 Reaction mixture contamed 48 mM Tris-HCl (pH 7.5), 100 mM NaCl, 20 mM KCl and 5§ mM
MgCl,.

% Units: smol P, - min™! «+ mg™? protein. '

€. Significantly different (P > 0.005) from coptrol with 6 degrees of freedom using S tudent’s z-test.

y
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The effects of de'te;geht orr membrane ATPases have been well characterized. Generally,
below the cxitical micellar concentration, detergents have little effect on ATPase activity
and may eveir stimulate enzyme and transport activity [5, 20—22]. Above the critical
micellar cor{centgatup detergents often have deleterious effects on the activity of ATP-
ases [20—22]. Saponin, at concentrations below the critical micellar concentration has

. been shows to enhance ATPase activity, has less inhibitory effects at higher concentra-

tions and has been used to protect enzyme’ activity from more severe effects of other
jonic’ or non-ionic detergents [20]. Membrane enzyme activity is enhanced by saponin
at low concentfations due to the detergent making membrane vesicles more permeable
thereby increasing the accessibility of ions and substrates to the catalytic site of the
enzyme [S, 21, 22}. For these reasons we used saponin to prepare the membrane frac-
tions enriched in IFM and OFM. '

More recently, 2 number of phosphohydrolyzing e@ms has ‘been detected in °

double apical membrahes prepared from material shed by S. mansonlin vitro {23].
All the enzyrhe activity releasing phosphate in these shed membranes had pH optima in
excess of pH 9—10 [23], which is unusual for transport ATPase activities [21,22]. Unlike
the Mg?*-ATPase obtained from OFM prepared in the present study, the Mg?*-ATPase

“of the shed ﬁmmbranes was activated by, Ca** and was inhibited by-11% using ouabain

in the absence of Mg?* and Ca®*. The latter observation suggests that the entire syn-

' cytium may have been shed since the presente of ouabain-sensitive ATPase activity is

indicytive of contamination of OFM by IFM membrane (Table II). Unlike Ca®*-Mg**-

" ATPises from other membrane systems [21, 22], the ATPase from shed membrane.

material was inhibited by phosphate and delipidation by gel filtration using Ultrogel
AcA 22 columns did not alter the specific activity of the enzyme [23]. Plasma mem-

. brane Ca*-Mg**-ATPases generally have a requirement for phospholipids, particularly

phosphatidylserine and particularly when solubilized in Triton-X100 [21, 22], the deter-

. gent used to solubilize the membrane shedby S. mansoni in vitro [23]. .
The results of the present study are in support of the epithelial transport function of |

the surface epithelial syncytium of §. mansoni and other endoparasitic flatworms [3, 4,
15]. The OFM contains ethacrynate-semmve Na* Mgz‘-ATPase activity which is thought
to augtent the regulatory cell volume decreasmg function of the Na’-pump ATPase
[6, 14]. The IFM contained ATPase activity similar to that associated with plasma mem-
brane (Na*+K')-Mg?*-ATPase observed in many other cell systems [S, 22, 23]. The

- polarized distribution of this enzyme in epithelial cells 1s a prerequisite for transepi-

thelial transport of Na*, water and Na'-coupled sugar and amino acxd transport observed

/in this and other parasitic flatworms {3, 4].

In a separate study we show that the ATPase and alialine phosphatase activities asso-
ciated with the OFM of S. mansoni are confined to the inner bilayer and not the outer
bilayet of &u surface membrane complex [9].
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