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The pr oduct i on of mAbs of var i ous i sot ypes t o Schi st osoma mansoni has gr eat l y

cont r i but ed t o t he appr eci at i on of t he f unct i on of ant i bodi es i n t he i mmuni t y

agai nst schi st osomi asi s, and has al l owed t he char act er i zat i on of sever al pot ent i al

pr ot ect i ve ant i gens . Usi ng t hi s appr oach, we cl ear l y est abl i shed i n pr evi ous

st udi es ( 1, 2) t he cl ose r el at i onshi p exi st i ng bet ween a 38, 000 Mr S. mansoni

schi st osomul um sur f ace ant i gen and t he expr essi on of eosi nophi l - medi at ed ki l l i ng

of schi st osomul a . The 38, 000 M, . ant i gen was i ni t i al l y char act er i zed by t he

I PLSm1 r at I gG2a mAb t hat exhi bi t s a mar ked eosi nophi l - dependent cyt ot oxi ci t y

and passi vel y t r ansf er s a hi gh degr ee of pr ot ect i on t owar ds a cer car i al chal l enge

( 1, 2) . Thi s par t i cul ar sur f ace ant i gen was al so shown t o r eact wi t h pol ycl onal

ant i bodi es pr esent i n var i ous i nf ect ed host s i ncl udi ng mi ce, r at s, monkeys, and

humans ( 3) . Addi t i onal st udi es r eveal ed t hat 97%of a gr oup of 120 Br azi l i an

pat i ent s wi t h S. mansoni i nf ect i on pr oduced ci r cul at i ng ant i bodi es agai nst t hi s

ant i gen, suggest i ng t hat t he 38, 000 Mi mol ecul e cor r esponds t o a pot ent i mmu-

nogen i n man . Mor e i nt er est i ngl y, t he ant i body r esponse was demonst r at ed t o

appear i n young chi l dr en, t o be maxi mal i n ol der pat i ent s, and showed a

par al l el i sm wi t h t he pr eval ence and t he i nt ensi t y of t he i nf ect i on . Thi s i ndi cat ed

t hat t he ant i body r esponse agai nst t he 38, 000 Mr ant i gen coul d be consi der ed

an i mpor t ant mar ker of S. mansoni i nf ect i on ( 4) .

Al t hough t he 38, 000 M, . ant i gen i ni t i al l y appear ed as a good candi dat e f or t he

mol ecul ar cl oni ng and subsequent st udi es, t he gl ycani c nat ur e of t he epi t ope

r ecogni zed by t he I PLSmI mAb l i mi t ed i t s i n vi t r o pr oduct i on by r ecombi nant

DNA met hodol ogy . Secondl y, t he 38, 000 Mr ant i gen was shown ( 5) t o bi nd t he

I PLSm3 mAb of I gG2c i sot ype capabl e of bl ocki ng bot h i n vi vo and i n vi t r o

ef f ect or f unct i on( s) of t he I PLSmI I gG2a mAb. We r ecent l y demonst r at ed ( 6)
t he exi st ence of si mi l ar bl ocki ng ant i bodi es speci f i c t o t he 38, 000 Mr mol ecul e
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i n human i nf ect i on and cor r el at ed t he l evel of such bl ocki ng ant i bodi es wi t h t he

pr esence or absence of i mmuni t y t o r ei nf ect i on .

The pr ot ect i ve r ol e of t he 38, 000 M, mol ecul e and par t i cul ar l y t he ef f ect of

i t s I PLSm1- def i ned epi t ope was al so suppor t ed by an ant i i di ot ype ant i body pr obe .

An ant i i di ot ype ant i body Ab2 pr oduced agai nst t he I PLSml ant i body ( Abl )

el i ci t s by i mmuni zat i on pol ycl onal Ab3 ant i bodi es exhi bi t i ng speci f i ci t y f or t he

38, 000 M, ant i gen . Ab3 ant i bodi es i nduce a si gni f i cant l evel of eosi nophi l -

dependent cyt ot oxi ci t y and passi vel y t r ansf er i mmuni t y . Most i mpor t ant l y, i m-

muni zat i on wi t h Ab2 l ed t o a hi gh degr ee of r esi st ance t o a cer car i al chal l enge

( 7) .

Recent l y, exper i ment s per f or med on r at s i mmuni zed wi t h Ab2 mAb conj u-

gat ed t o KLH ( cur r ent l y used as a car r i er i n i mmuni zat i on wi t h synt het i c

pept i des) l ed us t o make some unexpect ed obser vat i ons . We coul d show t hat r at s

i nj ect ed wi t h KLH, used as cont r ol i n t he KLHf Ab2 i mmuni zat i on, pr oduced

ant i - S. mansoni ant i bodi es speci f i c f or t he 38, 000 M, . schi st osomul a sur f ace

ant i gen . Thi s obser vat i on was al so suppor t ed by t he demonst r at i on t hat t he

car bohydr at e epi t ope of t he 38, 000 M, ant i gen t hat i s pr esent at t he ear l y l i f e

cycl e st ages of S. mansoni ( mi r aci di a) i s al so expr essed by t he i nt er medi at e host

Bi omphal ar i a gl abr at a as wel l as by ot her f r eshwat er snai l s ( 8) .

I n t he pr esent wor k, we pr ovi de new evi dence f or t he exi st ence of a shar ed

epi t ope bet ween KLH and t he 38, 000 M, ant i gen, and t hat KLHi mmuni zat i on

el i ci t s i n r at s t he pr oduct i on of ant i - S. mansoni ant i bodi es wi t h si mi l ar ef f ect or

f unct i ons t o t hose i nduced dur i ng t he cour se of i nf ect i on . We have expl oi t ed

t hese l at est r esul t s t o i nvest i gat e f ur t her t he bi ol ogi cal and i mmunol ogi cal pr op-

er t i es of t hi s par t i cul ar epi t ope .

Mat er i al s and Met hods

Par asi t es .

	

The Puer t o Ri can st r ai n of S. mansoni was used i n al l our exper i ment s . The

par asi t e cycl e was mai nt ai ned i n our l abor at or y wi t h t he use of B. gl abr at a snai l s as

i nver t ebr at e i nt er medi at e host s and Gol den hamst er s, Mesocr i cet us aur at us, as ver t ebr at e

def i ni t i ve host s . Schi st osomul a of S. mansoni pr epar ed accor di ng t o t he met hod of

Ramal ho- Pi nt o et al . ( 9) and r ef er r ed t o as mechani cal l y pr epar ed schi st osomul a wer e

used t hr oughout t he wor k . For al l t he cyt ot oxi ci t y assays, however , schi st osomul a wer e

pr epar ed accor di ng t o t he ski n penet r at i on t echni que descr i bed by Cl egg and Smi t her s

( 10) and r ef er r ed t o as ski n- t r ansf or med schi st osomul a .

Monocl onal Ant i bodi es .

	

I PLSml mAb i s a pur i f i ed ant i - S. mansoni ant i body of I gG2a

i sot ype ( 1) . I t was pr oduced af t er f usi on of spl een cel l s f r om r at s i nf ect ed wi t h S. mansoni

f or 5 wk and t he nonsecr et or y I R983 F myel oma cel l l i ne ( 11) . I t was pur i f i ed by DEAE

i on- exchange chr omat ogr aphy accor di ng t o t he met hod of Bazi n et al . ( 12) . For i nhi bi t i on

exper i ment s, pur i f i ed I PLSml ant i bodi es wer e r adi ol abel ed wi t h 125 i odi ne by t he chl or a-

mi ne T met hod ( 13) .

JM8- 36 ant i body i s a r at ant i i di ot ype mAb of I gM i sot ype speci f i c f or t he I PLSml

ant i body ( 7) . Pur i f i ed f r act i ons of JM8- 36 wer e obt ai ned by gel f i l t r at i on chr omat ogr aphy

accor di ng t o Bazi n et al . ( 12) .

Ant i gens and i mmuni zat i on pr ocedur e .

	

Pur i f i ed l yophi l i zed KLH ( mol wt , 3 x 10 6 t o

7 . 5 x 106 ) was pur chased f r om Fr ance Bi ochem. ( Meudon, Fr ance) . For i nhi bi t i on

exper i ment s, KLH was r adi ol abel ed wi t h 121 1 by t he chl or ami ne T met hod ( 13) . Degl y-
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cosyl at i on of KLH ( DKLH) ' was per f or med accor di ng t o t he pr ocedur e of Edge et al .

( 14) . Br i ef l y, 5 mg of KLH was di ssol ved i n I ml of ani sol e/ t r i f l uor omet hanesul f oni c aci d

( TFMS) ( I vol / 2 vol ) mi xt ur e and kept f or 3 h at 0° C. The degl ycosyl at ed KLH was

f r eed of r eagent s and l ow mol ecul ar wei ght sugar s by ext r act i on wi t h di et hyl et her i n t he

pr esence of aqueous pyr i di ne f ol l owed by di al ysi s agai nst pyr i di ne acet at e buf f er , pH 5 . 5 .

LOU/ M r at s ( 10 wk ol d, 180- 200 g) wer e i mmuni zed t wi ce at a 2 wk i nt er val by

i nt r aper i t oneal i nj ect i on of 1 ml of physi ol ogi cal sal i ne sol ut i on cont ai ni ng 100 Ag KLH

or 100 Ag DKLH. Rat s wer e bl ed ever y week f r om t he st ar t of t he i mmuni zat i on . Ser a

wer e r ecover ed and st or ed at - 20° C.

I ndi r ect I mmunof uor escence Assay.

	

Ant i - S. mansoni ant i bodi es wer e det ect ed by i ndi -

r ect i mmunof l uor escence on sect i ons of S. mansoni schi st osomul a pr epar ed as pr evi ousl y

descr i bed ( 9) . Sect i ons of 8 Am wer e over l ayed wi t h 50 Al of i mmuni zed r at ser a at a

di l ut i on of 1 : 10 i n 10 mMPBS buf f er . Af t er 30 mi n cont act and t hr ee washi ngs i n PBS,

FI TC- conj ugat ed ant i - r at I g ant i ser a pr epar ed i n r abbi t s ( Mi l es Labor at or i es, I nc . ,

Naper vi l l e, I L) wer e added f or 30 mi n . The sl i des wer e t hen washed t hr ee t i mes i n PBS,

t he l ast wash cont ai ni ng Evans Bl ue ( 1 : 10, 000 f i nal di l ut i on) as a count er st ai n . 4 wk

i nf ect ed r at ser a and nor mal r at ser a ( NRS) wer e used r espect i vel y as posi t i ve and negat i ve

cont r ol s . The sect i ons wer e exami ned under f l uor escence mi cr oscopy .

I mmunopr eci pi t at i on and West er n Bl ot t i ng Anal ysi s .

	

Schi st osomul a sur f ace ant i gens wer e

i oi odi nat ed usi ng t he l act oper oxi dase t echni que of Mar chal oni s ( 15) and i mmunopr e-

at ed af t er i ncubat i on of t he l abel ed par asi t e det er gent ext r act ( NP- 40, 0 . 05%) wi t h

r at ant i bodi es . I mmune compl exes wer e adsor bed on pr ot ei n A- Sephar ose ( Phar maci a

Fi ne Chemi cal s, Uppsal a, Sweden) and anal yzed by SDS- PAGE exact l y as pr evi ousl y

descr i bed ( 16) .

KLH was anal yzed i n 10%pol yacr yl ami de- SDS gel s i n t he pr esence of 5%2- ME ( 17) ,

t hen t r ansf er r ed ont o ni t r ocel l ul ose . West er n bl ot t i ng was per f or med accor di ng t o t he

met hod of Bur net t e ( 18) usi ng 5, u] of r at ser a or 10 t ag of I PLSm1 mAb . Fi xed ant i bodi es

wer e r eveal ed by aut or adi ogr aphy af t er i ncubat i on wi t h 5 X 10 5 cpmof ' 25 1- l abel ed r abbi t

ant i - r at I gG ( 8 X 10& cpm/ , ug sp act ) .

I nhi bi t i on of I PLSm] / KLHBi ndi ng.

	

I nhi bi t i on exper i ment s wer e car r i ed out on pol y-

vi nyl chl or i de ( PVC) mi cr ot i t er pl at es ( Fal con Labwar e, Oxnar d, CA) coat ed wi t h I PLSmI

ant i body . Each wel l of t he PVC pl at es was coat ed wi t h 100 Al of a 10 #g/ ml sol ut i on of

pur i f i ed I PLSmi ant i body di l ut ed wi t h 10 mMPBS. Af t er 2 h of i ncubat i on at 20° C, t he

pl at es wer e washed t wi ce i n PBS and sat ur at ed f or 30 mi n wi t h 200 Al of a 2% BSA

( Al bumi n, Fr act i on I V; Boebr i nger Mannhei mBi ochemi cal s, Mannhei m, Feder al Repub-

l i c of Ger many) sol ut i on i n PBS. The pl at es wer e t hen washed t wi ce i n PBS/ 0 . 1% BSA

( 200 Al per wel l ) . For t he t est , 50 Al of
' s5

I - l abel ed KLH i n PBS/ 0. 1 %BSA ( 100, 000

cpm/ wel l ) wer e i ncubat ed wi t h 50 Al of i nhi bi t i ng f act or di l ut ed i n t he same buf f er f or I

h at 37' C and 18 h at 4 ° C. The pl at es wer e washed t hr ee t i mes i n PBS/ 0 . 1 %BSA and

each wel l was count ed i n a gamma count er . The per cent age of i nhi bi t i on of bi ndi ng was

cal cul at ed usi ng t he f ol l owi ng f or mul a: 100 X ( a - b) / a, wher e a i s cpmobt ai ned wi t hout

i nhi bi t or and b i s cpm obt ai ned i n t he pr esence of i nhi bi t or . I n addi t i onal st udi es, PVC

pl at es wer e coat ed under t he condi t i ons descr i bed above wi t h 100 ; al of a 10 pg/ ml

sol ut i on of pur i f i ed KLH i n 10 mMPBS. 50 AI of 1251 I PLSmI ant i body i n PBS/ 0. 1 %

BSA ( 100, 000 cpm/ wel l ) wer e i ncubat ed wi t h 50 Al of i nhi bi t i ng f act or di l ut ed i n t he

same buf f er . The exper i ment al condi t i ons of t he assay and t he eval uat i on of bi ndi ng

i nhi bi t i on wer e i dent i cal t o t hose descr i bed above .

I nhi bi t i on of I PLSm1/ 38, 000 Ant i gen Bi ndi ng.

	

I nhi bi t i on of bi ndi ng of r adi ol abel ed

I PLSmI ant i body t o 38, 000 M, ant i gen was per f or med accor di ng t o t he t echni que

pr evi ousl y descr i bed ( 7) . Br i ef l y, PVC pl at es pr ecoat ed wi t h r at I gM C3- 109 mAb

r ecogni zi ng t he 38, 000 M, ant i gen, wer e i ncubat ed wi t h 100 Al of a NP- 40 ext r act of

schi st osomul a ( 100 t eg pr ot ei n/ ml ) ; t hi s pr ocedur e al l ows a bet t er f i xat i on of t he 38, 000

867

' Abbr evi at i ons used i n t hi s paper :

	

DKI RS, DKLH- i mmuni zed r at ser a ; DKLH, degl ycosyl at ed
KLH; I RS, i nf ect ed r at ser a; KI R, KLH i mmuni zed r at ; KI RS, KLH- i mmuni zed r at ser a, NRS,
nor mal r at ser a ; PVC, pol yvi nyl chl or i de; TFMS, t r i f l uor omet hanesul f oni c aci d; TRI , synt het i c
t r i pept i de ( gl ycyl - hi st i dyl - l ysi ne) .
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Aant i gen . Af t er 2 h of exposur e at 37' C, pl at es wer e washed t wi ce i n PBS/ 0 . 1 %BSA.
For t he i nhi bi t i on t est , 50 A1 of ` 25 1- l abel ed I PLSm1 i n PBS/ 0 . 1% BSA wer e i ncubat ed
wi t h 50 Al of i nhi bi t i ng f act or . Af t er 2 h at 37° C and 18 h at 4° C, pl at es wer e washed
t hr ee t i mes wi t h PBS/ 0 . 1 %BSA ( 100 Al / ml ) and t he wel l s wer e count ed i n a gamma
count er . The per cent age of i nhi bi t i on was cal cul at ed accor di ng t o t he f or mul a pr evi ousl y
def i ned .

I nhi bi t i on of Radi ol abel ed I PLSmI Bi ndi ng t o KLH by Ser a f r om I nf ect ed Pat i ent s .

I nhi bi t i on exper i ment s wer e per f or med on PVC mi cr ot i t er pl at es pr ecoat ed wi t h KLH.
Ser a wer e obt ai ned f r om unt r eat ed pat i ent s i n an endemi c ar ea i n Kenya and sel ect ed on
t he basi s of egg count s . They wer e ki ndl y donat ed by Dr . A. E. But t er wor t h, ( Cambr i dge
Uni ver si t y, Uni t ed Ki ngdom) . Nor mal human ser a wer e obt ai ned f r omsubj ect s wi t hout
any par asi t i c i nf ect i on . For t he t est , 50 Al of " ' I - l abel ed I PLSmI wer e i ncubat ed I h at
37 ° C and 16 h at 4 ° C wi t h 50 Al of di l ut ed i nf ect ed or nor mal ser a ( di l ut i on 1 : 50 i n
PBS/ 0 . 1 %BSA) . Pl at es wer e t hen washed t hr ee t i mes i n PBS/ 0 . 1 %BSA and wel l s wer e
count ed i n a gamma count er . The per cent age of i nhi bi t i on was measur ed accor di ng t o
t he f or mul a def i ned above .

Eosi nophi l - dependent Cyt ot oxi ci t y .

	

The cyt ot oxi ci t y assays wer e per f or med on S. mansoni

ski n schi st osomul a, as pr evi ousl y descr i bed by Capr on et al . ( 19) . Br i ef l y, ef f ect or cel l s
wer e obt ai ned f r om LOU r at s st i mul at ed 48 h pr evi ousl y by i nt r aper i t oneal i nj ect i on of
10 ml 0. 9%NaCl st er i l e physi ol ogi cal sal i ne sol ut i on ; per i t oneal cavi t i es wer e washed wi t h
20 ml Eagl e' s MEMcont ai ni ng peni ci l l i n ( 100 U/ ml ) , st r ept omyci n ( 50 U/ ml ) , I % NRS,
20 ng/ ml synt het i c t r i pept i de ( gl ycyl - hi st i dyl - l ysi ne [ TRI ] , Cal bi ochem- Behr i ng Cor p . ,
San Di ego, CA) and 25 I U/ ml cal ci um hepar i nat e ( MEM/ NRS/ TRI ) . Eosi nophi l - r i ch
popul at i ons wer e pr epar ed by al l owi ng t hese per i t oneal cel l s ( 5- 7 x 10 6/ ml i n

MEM/ NRS/ TRI ) t o adher e f or 2 h at 37° C i n 25- cm' t i ssue cul t ur e f l ask ( Cor ni ng Gl ass
Wor ks, Cor ni ng, NY) . The nonadher ent cel l s of each t i ssue cul t ur e f l ask wer e r ecover ed,

pool ed, and washed t wi ce i n MEM/ NRS/ TRI . Af t er st ai ni ng wi t h Di scombe' s di l uent or
t ol ui di ne bl ue, t hi s cel l popul at i on was shown t o cont ai n 40- 90%eosi nophi l s and 4- 10%
mast cel l s . The cyt ot oxi c assay was car r i ed out i n st er i l e pl ast i c mi cr opl at es wi t h f l at -
bot t omed wel l s ( Nuncl on, Roski l de, Denmar k) . 50 schi st osomul a wer e added t o each wel l
and i ncubat ed over ni ght wi t h 50 Al of KLH- i mmuni zed r at ser a ( KI RS) , DKLH- i mmu-

ni zed r at ser a ( DKI RS) , or 50 Al NRS or i nf ect ed r at ser um ( I RS) at a f i nal di l ut i on of
1 : 16 ( ser a wer e pr evi ousl y heat - i nact i vat ed f or 2 h at 56° C) . Af t er 18 h i ncubat i on, at
37° C, ef f ect or cel l s wer e added i n a 100 Al of MEM/ NRS/ TRI at a r at i o of 6, 000 ef f ect or

cel l s f or one schi st osomul um. The pl at es cont ai ni ng ef f ect or cel l s and sensi t i zed t ar get s
wer e i ncubat ed i n a 5% C02 humi di f i ed at mospher e at 37° C. The per cent age of
cyt ot oxi ci t y was measur ed af t er 24- 48 h by mi cr oscopi c exami nat i on .

Passi ve Tr ansf er Exper i ment s .

	

2 ml of ser a f r om r at s i mmuni zed wi t h KLH ( KI RS)
wer e i nj ect ed i nt r avenousl y i nt o mal e LOU r at s ( 10 wk ol d, 180- 200 g) t hat had been
i nf ect ed wi t h 800 S. mansoni cer car i ae 4 h pr evi ousl y . Par asi t e bur dens wer e eval uat ed 3
wk l at er by t he l i ver - per f usi on t echni que accor di ng t o Smi t her s and, Ter r y ( 20) . The

number of wor ms obt ai ned f r om r at s i nj ect ed wi t h KI RS wer e compar ed wi t h t hose
obt ai ned f r om cont r ol gr oups ( r at s i nj ect ed wi t h 2 ml of physi ol ogi cal sal i ne sol ut i on or 2
ml of NRS) . The per cent age of pr ot ect i on was cal cul at ed by t he f or mul a ( 21) : 100 x ( a

- b) / a, wher e a i s t he number of wor ms r ecover ed f r om r at s i nj ect ed wi t h 2 ml of
physi ol ogi cal sal i ne sol ut i on and b i s t he number of wor ms r ecover ed f r om r at s i nj ect ed
wi t h KI RS.

Act i ve I mmuni zat i on .

	

For act i ve i mmuni zat i on exper i ment s, mal e LOU Mr at s ( 10 wk

ol d, 180- 200 g) wer e i mmuni zed t wi ce at 2 wk i nt er val s by i nt r aper i t oneal i nj ect i on of 1

ml of physi ol ogi cal sal i ne sol ut i on cont ai ni ng 100 Ag of KLH. 3 wk af t er t he second
i nj ect i on, r at s wer e i nf ect ed wi t h 800 S. mansoni cer car i ae . The wor m r ecover y and t he
eval uat i on of t he per cent age of pr ot ect i on wer e per f or med as descr i bed above, 3 wk af t er

t he cer car i al chal l enge . I n t hese exper i ment s, r at s i nj ect ed wi t h I ml of physi ol ogi cal
sal i ne sol ut i on wer e used as negat i ve cont r ol s.
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FI GURE 1 .

	

Epi t opi c i dent i t y bet ween S. mansoni 38, 000 M, ant i gen and KLH. ( A) " 5 I - l abel ed
schi st osomul a sur f ace ant i gens wer e i mmunopr eci pi t at ed by 10, uI of NRS, I RS, KI RS, or 10
j ag of pur i f i ed I PLSml mAb. ( B) KLH- pur i f i ed pr epar at i on was anal yzed i n a 10% SDS-
pol yacr yl ami de gel under r educi ng condi t i ons and t hen t r ansf er r ed t o ni t r ocel l ul ose. I mmu-
nodet ect i on was per f or med wi t h 5 uI of NRS, 5 t al I RS, 5 j ul of KI RS, or 10 j i g of pur i f i ed

I PLSml ant i body. M, X 10
- s ar e shown .

Resul t s

Ant i geni c Communi t y bet ween KLHand t he 38, 000 M, Ant i gen .

	

The exi st ence

of a common ant i geni c st r uct ur e shar ed by KLHand S. mansoni was i nvest i gat ed

by i mmunopr eci pi t at i on and West er n bl ot t i ng met hodol ogi es . I mmunopr eci pi -

t at i on of r adi ol abel ed schi st osomul um ant i gen ( Fi g. 1 A) showed t hat ser a f r om

r at s i mmuni zed wi t h KLH r ecogni ze a 38, 000 M, ant i gen pr esent on t he

schi st osomul um sur f ace and pr evi ousl y demonst r at ed as t he t ar get ant i gen of t he

I PLSml - pr ot ect i ve mAb ( 2) . Addi t i onal l y, t he anal ysi s of a pur i f i ed f r act i on of

KLH by SDS- PAGE under r educi ng condi t i ons ( Fi g . 1 B) r eveal ed by West er n

bl ot t i ng t hat I PLSm1 mAb and i nf ect ed r at ser a r ecogni ze i n KLHt wo mol ecul es

of ^ - 150- 200 X 103 mol wt .

I nhi bi t i on of I PLSml Bi ndi ng t o KLH.

	

Bi ndi ng of 121
I - l abel ed I PLSml t o KLH

coat ed on PVC pl at es was shown t o be st r ongl y i nhi bi t ed i n a dose- dependent
manner by var i ous concent r at i ons of unl abel ed I PLSml . Si mi l ar l evel s of i nhi -
bi t i on coul d be obt ai ned i n t he pr esence of S. mansoni - i nf ect ed r at ser a ( Fi g . 2) .

Epi t opi c Communi t y .

	

The st r uct ur al i dent i t y bet ween KLHand t he 38, 000 M,

ant i gen epi t ope def i ned by t he I PLSml mAb was f ur t her st udi ed i n i nhi bi t i on

exper i ment s per f or med i n t he pr esence of t he JM8- 36 ant i i di ot ype ant i body

speci f i c f or I PLSml ant i body . Resul t s i n Fi g. 3A show t hat JM8- 36 ant i body
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FI GURE 2 . Dose- dependent i nhi bi t i on of I PLSml / KLH bi ndi ng. 50 ul of 125 1- l abel ed
I PLSml ant i body wer e i ncubat ed wi t h 50 Al of var i ous concent r at i ons of unl abel ed I PLSml ,
50 ul of 4 wk I RS, or 50 ul of NRS.

FI GURE 3 .

	

I nhi bi t i on of I PLSml / KLH bi ndi ng by JM8- 36 ant i i di ot ype ant i body . ( A) 50 ul
of 125 1- l abel ed KLHwer e i ncubat ed wi t h 50 ul of a sol ut i on cont ai ni ng ei t her 50 ug of KLH,
I PLSml ant i body, JM8- 36 ant i i di ot ype ant i body or unr el at ed I gM, on pl at es coat ed wi t h
pur i f i ed I PLSml ant i body . ( B) 50 ul of 125 1- l abel ed I PLSml wer e i ncubat ed wi t h 50 ul of t he
same sol ut i ons on pl at es coat ed wi t h nat i ve KLH.

i nhi bi t s t he bi ndi ng of ' 25 1- l abel ed KLH t o I PLSml ant i body coat ed on PVC

pl at es at a l evel compar abl e t o t hat obt ai ned ei t her wi t h unl abel ed KLHor wi t h

pur i f i ed I PLSmI ant i body . Mor eover , JM8- 36 ant i i di ot ype ant i body can al so

i nhi bi t ' 25 1- l abel ed I PLSml bi ndi ng t o KLH coat ed on PVC pl at es at a l evel
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FI GURE 4 .

	

I nhi bi t i on of " 5
I - I PLSml bi ndi ng t o t he 38, 000 M, ant i gen . ( A) 50 JAI of var i ous

concent r at i ons of nat i ve KLH or DKLH wer e i ncubat ed wi t h 50 1I of
' 25

I - l abel ed I PLSml
mAb ( 100, 000 cpm/ wel l ) . ( B) 50 wl of 1 : 50 di l ut ed ser a col l ect ed f r om KI RS, DKLH
i mmuni zed r at s, 4 wk I RS, NRS, or I PLSml asci t i c f l ui d wer e i ncubat ed wi t h 50 Pl of 1251_

l abel ed I PLSml ant i body ( 105 cpm/ wel l ) .

compar abl e t o t hat seen wi t h unl abel ed I PLSm1 or KLH. These r esul t s t her ef or e

suggest a cl ose st r uct ur al i dent i t y bet ween t he ant i geni c det er mi nant of KLH,

t he i nt er nal i mage of t he ant i gen expr essed on JM8- 36 ant i i di ot ype ant i body,

and t he 38, 000 M, ant i gen epi t ope def i ned by t he I PLSml mAb .

I nvol vement of Car bohydr at e Moi et i es . The pr evi ous demonst r at i on t hat

I PLSm1 mAb bi nds t o t he 38, 000 M, . ant i gen vi a a gl ycani c epi t ope ( 2) l ed us t o

compar e t he i mmunol ogi cal pr oper t i es of nat i ve and degl ycosyl at ed KLH. Nat i ve

KLH pr epar at i ons used at var i ous concent r at i ons i nhi bi t t he bi ndi ng of 1211_

l abel ed I PLSml t o i t s 38, 000 M, . t ar get ant i gen . Thi s act i vi t y i s compl et el y

abol i shed when KLH i s degl ycosyl at ed by TFMS t r eat ment ( Fi g . 4A) . Addi t i on-

al l y, a mar ked i nhi bi t i on of bi ndi ng of ' 21 I - l abel ed I PLSml coul d be i nduced

wi t h KI RS or I RS, but not wi t h t he ser a f r om r at s i mmuni zed wi t h DKLH or

NRS ( Fi g. 4B) .

Eosi nophi l - dependent Cyt ot oxi ci t y . The r el at i onshi p bet ween t he exi st ence of

ant i body- medi at ed eosi nophi l - dependent cyt ot oxi ci t y f or schi st osomul a and t he

38, 000 M, ant i gen pr ompt ed us t o i nvest i gat e t he pr esence of cyt ot oxi c ant i bodi es

i n t he ser a col l ect ed f r om r at s i mmuni zed wi t h KLH. The cyt ot oxi c act i vi t y of

ant i - KLH r at ser a was i nvest i gat ed i n t he pr esence of nor mal r at eosi nophi l s . I n

t hese par t i cul ar condi t i ons, ant i - KLH r at ser a wer e shown t o exhi bi t a mar ked

ki l l i ng act i vi t y t owar ds S. mansoni ski n schi st osomul a r angi ng bet ween 46 and

94% and compar abl e t o t hat usual l y obt ai ned usi ng 4 wk- I RS ( 19) or t he

pr ot ect i ve mAb I PLSml . No cyt ot oxi ci t y was obser ved wi t h ser a col l ect ed f r om

r at s i mmuni zed wi t h DKLH ( Fi g . 5) .

Passi vel y Tr ansf er r ed I mmuni t y .

	

The pot ent i al pr ot ect i ve r ol e of ant i - KLH r at

ser a was i nvest i gat ed by passi ve t r ansf er exper i ment s i n nai ve LOU r at s . The
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FI GURE 5.

	

Eosi nophi l - dependent cyt ot oxi ci t y f or S. mansoni schi st osomul a . The per cent age
of cyt ot oxi ci t y was measur ed af t er 48 h of i ncubat i on wi t h ef f ect or cel l s ( LOU r at per i t oneal
cel l s enr i ched i n eosi nophi l s) ; schi st osomul a wer e pr ei ncubat ed ei t her wi t h KI RS, DKI RS, 4
wk I RS, NRS, or I PLSmI mAb ( mean of 10 dupl i cat e exper i ment s t SD) .

par asi t e bur den was eval uat ed by l i ver per f usi on 3 wk af t er a chal l enge i nf ect i on

wi t h 800 S. mansoni cer car i ae . Resul t s pr esent ed i n Fi g . 6A i ndi cat ed t hat

ant i bodi es pr oduced i n KLH- i mmuni zed r at s passi vel y t r ansf er r ed i mmuni t y t o

a degr ee ( 48%) ver y cl ose t o t hat pr evi ousl y obser ved f or t he I PLSmI mAb . I n

t hese exper i ment s, r at s r ecei vi ng KI RS pr esent ed a l ower number of wor ms

when compar ed wi t h r at s t r eat ed wi t h NRS or physi ol ogi cal sal i ne sol ut i on ( Fi

6A) .

Act i ve I mmuni zat i on.

	

The pr ot ect i ve ef f ect of i mmuni zat i on wi t h KLH was

st udi ed i n nai ve LOU r at s i mmuni zed t wi ce at 2 wk i nt er val s wi t h 100 j ug of

KLH and i nf ect ed 3 wk af t er t he second i nj ect i on by 800 S. mansoni cer car i ae .

The ef f ect i veness of t he pr ocedur e was eval uat ed 3 wk af t er t he chal l enge

i nf ect i on by l i ver per f usi on . Two ser i es of exper i ment s i nvol vi ng a t ot al of 24

r at s demonst r at ed t hat r at s pr evi ousl y i mmuni zed wi t h KLH pr esent ed a si gni f -

i cant decr ease i n t he par asi t e bur den when compar ed wi t h appr opr i at e cont r ol s

( r at s t r eat ed wi t h physi ol ogi cal sal i ne sol ut i on) . The l evel of pr ot ect i on obt ai ned

i n t hese exper i ment s r anged bet ween 50 and 70%( Fi g . 6B) .

St udi es on Ser a f r omHumans I nf ect ed wi t h S. mansoni .

	

Pr evi ous st udi es ( 4) have

demonst r at ed t hat t he 38, 000 Mr ant i gen gl ycopr ot ei n i s a maj or i mmunogen i n

human i nf ect i on and i nduced t he pr oduct i on of speci f i c ant i bodi es i n 97%of S.

mansoni - i nf ect ed pat i ent s . The pot ent i al use of KLH f or t he det ect i on of ant i -

S. mansoni ant i bodi es i n human ser a was expl or ed usi ng a compet i t i ve RI A wi t h
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I n vi vo pr ot ect i ve r ol e of ant i - KLH ant i bodi es. ( A) 1 . 5 ml of KI RS, 1 . 5 ml of

NRS, or 1 . 5 ml of physi ol ogi cal sal i ne sol ut i on wer e i nj ect ed i nt r avenousl y i nt o each r at

( gr oups of si x ani mal s i n each t est ) t hat had been i nf ect ed 4 h pr evi ousl y wi t h 800 S. mansoni

cer car i ae . ( B) KI R or r at s i nj ect ed wi t h physi ol ogi cal sal i ne sol ut i on ( C) wer e i nf ect ed wi t h

800 S. mansoni cer car i ae . I n A and B, t he number of wor ms was est i mat ed by l i ver per f usi on

21 d af t er t he chal l enge i nf ect i on .

TABLE I

I nhi bi t i on of " I I PLSml Bi ndi ng t o KLHby Human Ser um

Human ser a sour ce

Di scussi on

Per cent i nhi bi t i on
±SD

S. mansoni - i nf ect ed human ser a ( n = 20)

	

68 t 13 . 3

Nor mal human ser a ( n = 20)

	

0. 5 f 1 . 1

50 Al of 12' 1- l abel ed I PLSml ( 10 5 cpm/ wel l ) wer e i ncubat ed on pl at es
coat ed wi t h KLHf or 1 h at 37° C, and f or 16 h at 4 Cwi t h 50 Al of 1 : 50
di l ut ed i nf ect ed or nor mal ser a .

87 3

PVC pl at es coat ed wi t h KLH. Resul t s summar i zed i n Tabl e I and concer ni ng a

l i mi t ed ser i es of human i nf ect i on ser a show t hat t he l at t er si gni f i cant l y i nhi bi t

t he bi ndi ng of r adi ol abel ed I PLSml ant i body t o KLH ( 68 ± 13 . 3%) . No

si gni f i cant l evel s of i nhi bi t i on wer e obser ved wi t h t he var i ous cont r ol ser a ( 0 . 5

± 1 . 1%) .

The exper i ment al dat a r epor t ed her e cl ear l y demonst r at e t hat t he i mmuni za-

t i on of nai ve LOU r at wi t h pur i f i ed hemocyani n of Megat hur a cr enul at a ( KLH)

el i ci t s t he pr oduct i on of speci f i c ant i - S. mansoni ant i bodi es exhi bi t i ng bot h i n

vi t r o and i n vi vo ef f ect or f unct i ons t owar ds S. mansoni schi st osomul a, i ndi cat i ng

t her ef or e t he pr esence of a f unct i onal cr ossr eact i ve epi t ope bet ween KLH and

t he 38, 000 M, ant i gen .

These obser vat i ons f ound a mol ecul ar basi s i n t he demonst r at i on t hat ser a
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col l ect ed f r om KLH- i mmuni zed r at s cont ai n ant i bodi es abl e t o i mmunopr eci pi -

t at e f r om a schi st osomul a ext r act t he 38, 000 M, . sur f ace ant i gen pr evi ousl y

r epor t ed as t he t ar get ant i gen of t he pr ot ect i ve I PLSml mAb and of ant i bodi es

f r om human or exper i ment al i nf ect i on ser a . The ant i geni c si mi l ar i t y was con-

f i r med by West er n bl ot t i ng anal ysi s of KLH i n whi ch t wo mol ecul es of about

150, 000 and 200, 000 Mr wer e r ecogni zed bot h by I PLSml mAb ant i body or S.

mansoni - i nf ect ed r at ser a .

The exi st ence of a shar ed epi t ope bet ween KLH and t he 38, 000 Mr ant i gen

was f ul l y suppor t ed by t he r esul t s obt ai ned i n i nhi bi t i on exper i ment s per f or med

usi ng t he JM8- 36 ant i i di ot ype ant i body . The l at t er i nduced bot h a mar ked

i nhi bi t i on of bi ndi ng of ' 25 1- l abel ed KLH t o I PLSml ant i body or of 121 I - l abel ed

I PLSml t o KLH, suggest i ng t her ef or e a cl ose st r uct ur al i dent i t y bet ween t he

epi t ope of KLH, of t he 38, 000 M, ant i gen and t he i nt er nal i mage of t he 38, 000

Mr epi t ope pr esent ed by t he JM8- 36 ant i i di ot ype ant i body .

The gl ycani c nat ur e of t he por t i on of t he KLH mol ecul e r ecogni zed by t he

I PLSml ant i body was est abl i shed by f ur t her i nhi bi t i on exper i ment s . Degl ycosy-

l at i on of t he nat i ve KLH by TFMS t r eat ment abol i shed t he i nhi bi t or y ef f ect of

KLHon t he bi ndi ng of l abel ed I PLSml t o i t s t ar get ant i gen . On t he ot her hand,

ser a col l ect ed f r om r at s i mmuni zed wi t h DKLH wer e compl et el y devoi d of

i nhi bi t or y act i vi t y on I PLSml / 38, 000 M, ant i gen bi ndi ng when compar ed wi t h

t he ser a obt ai ned f r om r at s i mmuni zed wi t h nat i ve KLH, or r at s i nf ect ed wi t h

S. mansoni . These r esul t s conf i r med t he cl ose st r uct ur al and chemi cal i dent i t y

bet ween KLH and t he 38, 000 M, ant i gen pr evi ousl y demonst r at ed t o bi nd t he

I PLSml mAb t hr ough a gl ycani c epi t ope .

The f unct i onal pr oper t i es of t he car bohydr at e epi t ope pr esent on nat i ve KLH

mol ecul es wer e st udi ed i n t he l i ght of t he r el at i onshi p pr evi ousl y r epor t ed

bet ween ki l l i ng of schi st osomul a medi at ed by nor mal r at eosi nophi l s and t he

38, 000 Mschi st osomul a sur f ace ant i gen ( 1) . A mar ked l evel of eosi nophi l -

dependent cyt ot oxi ci t y was obser ved i n t he pr esence of ser a col l ect ed f r omKLH-

i mmuni zed r at s, compar abl e t o t hat obt ai ned wi t h I RS or I PLSml mAb; no

cyt ot oxi ci t y was obser ved wi t h t he ser a f r omr at s i mmuni zed wi t h DKLH. These

r esul t s i ndi cat ed t hat , t oget her wi t h a st r uct ur al i dent i t y bet ween KLH and

38, 000 M, car bohydr at e moi et i es, t he KLH epi t ope r ecogni zed by I PLSml

ant i bodi es expr essed si mi l ar i mmunol ogi cal f unct i ons and el i ci t ed by i mmuni za-

t i on t he pr oduct i on of cyt ot oxi c ant i bodi es . The ef f ect or f unct i ons of ant i - KLH

ant i bodi es wer e al so conf i r med i n vi vo by passi ve t r ansf er exper i ment s . Ser a

col l ect ed f r om r at s i mmuni zed wi t h KLH wer e f ound t o be pr ot ect i ve, when

passi vel y t r ansf er r ed t o r at s, t o a degr ee si mi l ar t o t hat i nduced by t he I PLSml

ant i body . Mor e i mpor t ant l y, t he pr i or i mmuni zat i on of nai ve LOU r at s wi t h

pur i f i ed KLH gave a hi gh l evel of pr ot ect i on t owar ds a subsequent S. mansoni

chal l enge . The par asi t e bur den est i mat ed by l i ver per f usi on met hodol ogy was

si gni f i cant l y r educed when compar ed wi t h appr opr i at e cont r ol s .

These l at est dat a i ncr ease t he i nt er est f or t he wel l - def i ned char act er i zat i on

and i sol at i on of t hi s gl ycani c epi t ope shar ed bot h by KLH mol ecul es and t he

38, 000 M, schi st osomul a sur f ace ant i gen, and pot ent i al l y avai l abl e f or an i m-

munopr ophyl act i c appr oach t owar ds schi st osomi asi s . Fr om t hese encour agi ng

r esul t s, obser vat i ons i n var i ous exper i ment al i nf ect i on model s and par t i cul ar l y
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i n pr i mat es t o eval uat e t he i mmune r esponse agai nst t hi s gl ycani c epi t ope shoul d

f ol l ow.

I n man, pr el i mi nar y i nvest i gat i on per f or med usi ng a compet i t i ve RI A al l ows

t he char act er i zat i on of speci f i c ant i bodi es t hat can i nhi bi t t he bi ndi ng of I PLSmI

ant i body t o KLH i n t he ser a of S. mansoni - i nf ect ed pat i ent s . Al t hough t he

exi st ence of nat ur al ant i bodi es t o KLH i n some i ndi vi dual s has been r epor t ed

( 22) , no si gni f i cant l evel of i nhi bi t i on was obser ved wi t h t he var i ous cont r ol ser a

used . The f act t hat al most al l subj ect s i nf ect ed by S. mansoni pr oduce ant i bodi es

agai nst t he gl ycani c epi t ope of t he 38, 000 Mr ant i gen al so pr esent i n KLHopens

an ent i r el y newpat hway t owar ds t he devel opment of a si mpl e, easi l y st andar di zed

and cheap r eagent f or t he ser oepi demi ol ogy of human schi st osomi asi s . We ar e

at pr esent appl yi ng t hi s met hodol ogy t o a l ar ge ser i es of wel l - document ed ser a .

Thi s paper br i ngs new evi dence t hat t he car bohydr at e moi et i es of Megat hur a

cr enul at a hemocyani n ( KLH) expr ess t he epi t ope pr evi ousl y char act er i zed on a

maj or i mmunogen 38, 000 M, . ant i gen of t he par asi t e S. mansoni and cl ear l y

demonst r at e i t s capaci t y t o el i ci t by i mmuni zat i on t he pr oduct i on of f unct i onal

ant i bodi es bot h i n vi t r o and i n vi vo . Such obser vat i ons appear t o have sever al

maj or consequences .

The cl ose st r uct ur al and f unct i onal i dent i t y bet ween KLHcar bohydr at e moi e-

t i es and t he gl ycani c epi t ope of t he 38, 000 M, . ant i gen pr ovi des newoppor t uni t i es

t o anal yze f ur t her i n man and ani mal model s t he i sot ypes i nduced t owar ds a

pot ent i al l y pr ot ect i ve epi t ope . KLH coul d r epr esent i n t hi s cont ext a val uabl e

t ool f or t he i dent i f i cat i on of t he human ant i body i sot ype( s) di r ect l y i nvol ved i n

t he eosi nophi l - medi at ed ki l l i ng of schi st osomul a .

The char act er i zat i on on t he KLH mol ecul e of a f unct i onal epi t ope r ecogni zed

by t he pr ot ect i ve I PLSm1 mAb of f er s newoppor t uni t i es t o pur i f y a l ar ge amount

of t he ol i gosacchar i de f or t he st udy of i t s chemi cal st r uct ur e . Our cur r ent wor k

usi ng mass spect r oscopy anal ysi s of t he pur i f i ed KLH ol i gosacchar i des r ender s

access t o a wel l - def i ned st r uct ur e f easi bl e i n t he near f ut ur e, a f i r st st ep i n t he

pr oduct i on of synt het i c ol i gosacchar i des . Such mat er i al coul d cer t ai nl y pr ovi de

essent i al i nf or mat i on concer ni ng t he pot ent i al r el at i ons exi st i ng bet ween t he

chemi cal nat ur e of a f unct i onal epi t ope and t he pr ef er ent i al i nduct i on of speci f i c

ant i body i sot ype( s) . Thi s l at est poi nt appear s t o be essent i al si nce we pr evi ousl y

demonst r at ed i n schi st osomi asi s t he pr oduct i on of bl ocki ng mAbs t owar ds t he

38, 000 M, . gl ycopr ot ei n ant i gen . Two ways of i nvest i gat i on coul d be pr oposed at

t hi s st age, ei t her a sl i ght modi f i cat i on of t he i ni t i al chemi cal st r uct ur e of KLH

car bohydr at e moi et i es i nvol ved i n t he pr oduct i on of f unct i onal ant i bodi es or t he

pr oduct i on of neogl ycopr ot ei ns obt ai ned by a chemi cal condensat i on of KLH

ol i gosacchar i des wi t h var i ous car r i er pr ot ei ns . These exper i ment s coul d cer t ai nl y

l ead t o t he appr eci at i on of t he r eal r ol e pl ayed by t he car r i er pr ot ei c st r uct ur e

i n t he or i ent at i on of t he i mmune r esponse t owar ds a speci f i c epi t ope . I n t hi s

cont ext , we pl an t o appl y such an appr oach t o t he P28 ant i gen of S. mansoni

r ecent l y descr i bed ( 23) as pr omot i ng a pr ot ect i ve i mmune r esponse i n r at s and

mi ce agai nst S. mansoni i nf ect i ons .

Mor eover , our f i ndi ngs have t o be consi der ed i n t he gener al f r amewor k of t he

ant i geni c communi t y exi st i ng bet ween par asi t es and t hei r host s . Thi s concept

est abl i shed i n our l abor at or y some 20 yr ago i ndi cat es t hat some ant i geni c
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det er mi nant s wer e pr esent bot h on S. mansoni and i t s snai l i nt er medi at e host B.

gl abr at a ( 24) and el i ci t ed t he pr oduct i on of ant i bodi es appear i ng ear l y dur i ng

exper i ment al or human i nf ect i on ( 25) . These r esul t s, conf i r med i n sever al

l abor at or i es ( 26- 30) , wer e r ecent l y updat ed by t he demonst r at i on t hat t he

gl ycani c epi t ope of t he 38, 000 MT gl ycopr ot ei n t hat i s a maj or i mmunogen of S.

mansoni schi st osomul a i s i n f act expr essed by t he i nt er medi at e host B. gl abr at a

and sever al f r eshwat er and mar i ne mol l uscs ( 8) . Such obser vat i ons r ai sed t he

pr obl em of t he conser vat i on of t hi s ol i gosacchar i de st r uct ur e t hr oughout evol u-

t i on and t he expr essi on i n a human par asi t e of a maj or ant i geni c epi t ope whose

or i gi n was f ound i n a mar i ne mol l usc Megat hur a cr enul at a t hat has been i n

exi st ence f or sever al mi l l i on year s .

Fi nal l y, i t wi l l cer t ai nl y be of i nt er est t o i mmunol ogi st s, who have used KLH

f or t he l ast 20 yr as a car r i er f or t he i mmuni zat i on of humans or ani mal s, t o

know t hat i t can l ead t o t he pr oduct i on of ant i - S. mansoni ant i bodi es .

Summar y

The gl ycani c epi t ope of t he 38, 000 Mr Schi st osoma mansoni schi st osomul a

maj or i mmunogen def i ned by t he I PLSmI pr ot ect i ve mAb was i dent i f i ed i n t he

hemocyani n of t he mar i ne mol l usc Megat hur a cr enul at a, bet t er known as KLH.

Thi s ant i geni c communi t y was expl oi t ed t o i nvest i gat e f ur t her t he bi ol ogi cal

pr oper t i es of t hi s epi t ope . KLH was shown t o st r ongl y i nhi bi t t he bi ndi ng of

I PLSm1 mAb t o i t s 38, 000 Mr t ar get ant i gen . I mmuni zat i on of nai ve LOU r at s

wi t h KLH el i ci t ed t he pr oduct i on of ant i - S. mansoni ant i bodi es capabl e of

i mmunopr eci pi t at i ng t he 38, 000 Mr schi st osomul umant i gen . Ant i bodi es t o KLH

medi at ed a mar ked eosi nophi l - dependent cyt ot oxi ci t y and passi vel y t r ansf er r ed

i mmuni t y t owar ds S. mansoni i nf ect i on . Fi nal l y, r at s i mmuni zed wi t h KLH wer e

si gni f i cant l y pr ot ect ed agai nst a chal l enge wi t h S. mansoni cer car i ae .

The degl ycosyl at i on of KLH compl et el y abol i shes i t s i mmunol ogi cal and

f unct i onal KLH pr oper t i es, i ndi cat i ng t he par t i ci pat i on of an ol i gosacchar i di c

epi t ope of t he nat i ve KLH t hat i s al so r ecogni zed by t he ser a of S. mansoni -

i nf ect ed pat i ent s .

These obser vat i ons pr ovi de new oppor t uni t i es of access t o t he wel l - def i ned

st r uct ur e of a gl ycani c epi t ope pot ent i al l y avai l abl e f or t he i mmunopr ophyl axi s

and ser oepi der ni ol ogy of schi st osomi asi s, and a new appr oach t o t he i sot ypi c

r esponse t owar ds a wel l - chemi cal l y def i ned epi t ope .

The aut hor s t hank Dr . A. E. But t er wor t h f or access t o ser a f r om S. mansoni - i nf ect ed
pat i ent s and Dr . R. J . Pi er ce f or hel pf ul advi ce . The exper t assi st ance of A. Car on and J .
Tr ol et was gr eat l y appr eci at ed, as wel l as t he hel p of C. Col son and M. F . Massar d i n t he

pr epar at i on of t he manuscr i pt .
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