
1

THE MOLECULAR DIAGNOSIS OF ECHINOCOCCUS MULTILOCULARIS IN MAN

By

Lance Hemmings

A th e s is  subm itted for th e  degree o f Doctor o f Philosophy o f the U n iversity  

of London and the Diploma of Membership o f Imperial C ollege o f Science,

Technology and Medicine

Department o f Pure and Applied Biology,

Im perial C ollege o f Science, Technology and Medicine,

Prince Consort Road,

London SW7 2BB. June, 1989



2

ABSTRACT

The m etacestode s ta g e  o f the tapeworm Echinococcus  

m u lt i lo c u la r is  i s  the cau sa tive  agent o f the d ise a se  'a lveo lar

ech in ococcosis' (AE). The symptoms o f the d isea se  are o ften  confused with  

those o f hepatic  carcinoma and correct d iagn osis i s  u su a lly  only p o ss ib le  

when the  cond it ion  i s  w ell advanced, making th is  one o f the most le th a l  

p a r a s it ic  in fe c tio n s  known to man.

The an tigen s curren tly  used in AE immunodiagnostic t e s t s  can 

contain c r o ss -r e a c t iv e  components and are not read ily  ava ilab le . Recombinant 

DNA techniques can provide a p o te n tia lly  l im it le s s  source o f pure, w e ll-  

characterised  p a ra site  an tigen s and, consequently, a m etacestode s ta g e  cDNA 

library  was constructed  using the expression  vector X g tll  to provide  

r e q u is ite  antigens. D iffe r e n tia l screen ing  with pools o f human a n t i-  

E. m u l t i lo c u la r is  and anti-E . g r a n u lo su s  in fec tio n  sera  was performed and 

the immunodiagnostic p o te n tia l o f two p u ta tive ly  E. m u lt i lo c u la r is - s p e c if ic  

clon es, designated  EM2 and EM4, was a ssessed .

The fu s io n -p ep tid es  were p u rified  under denaturing cond itions  

and th e ir  te s t in g  with pools o f human in fe c tio n  sera  showed both to  be 

p u ta tiv e ly  s p e c ie s -s p e c if ic .  However, when panels o f ind iv idu al human a n t i-  

E. g ra n u lo su s  and an ti-T aen ia  so lium  in fe c tio n  sera were used to t e s t  the 

EM2 antigen, s p e c if ic i ty  was su b s ta n tia lly  reduced. Furthermore, te s t in g  

with ind iv idual sera  from proven E. m u lt i lo c u la r is  human cases  showed that 

a number of th ese  sera  fa ile d  to  recogn ise  th is  antigen. Denatured and non- 

denatured EM4 (3-gal fu sio n -p ep tid e  a lso  dem onstrated poor d iagn ostic  

s e n s it iv i t y  on te s t in g  with ind iv idu al human anti-E . m u lt i lo c u la r is  in fe c tio n  

sera. In an e ffo r t  to improve th is , the vector pGEX-1 was used to  express  

the EM4 peptide as a g lu ta th io n e -S -tr a n sfe r a se  fu sion -p ep tid e  which could  

be read ily  p u rified  by a f f in ity  chromatography using non-denaturing  

conditions. Subsequent te s t in g  o f th is  fusion  with panels o f ind iv idual 

human anti-E . m u lt i lo c u la r is , an ti-E . g ra n u lo su s  and a n t i-  T. so lium  in fe c tio n  

sera  showed that i t  dem onstrated 100% d iagn ostic  s p e c if ic i ty  but that 

s e n s it iv i t y  was not s ig n if ic a n t ly  improved.

The EM4 (3-gal fu sio n -p ep tid e  was shown by immunoblotting to  

be recognised  by mouse an ti-E . m u lt i lo c u la r is  in fe c tio n  sera  42-70  days 

post in fec tio n , in d ica tin g  i t s  p o te n tia l for early  d iagn osis. The EM2 fu sion
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was not recognised 168 days p o stin fec tio n .

Immunoblotting with anti-EM2 and anti~EM4 £ -g a l fu sio n -p ep tid e  

antibody id e n tif ie d  a 70 kDa n a tive  EM2 antigen  and 62, 49 and 44 kDa 

e x c re ted /secre ted  n a tiv e  an tigen s sharing EM4 ep itop es. Further te s t in g  

revea led  that n ative  an tigen s re la ted  to  those o f EM4 are present in 

ta en iid s  other than E. m u l t i lo c u la r is , d e sp ite  the lack o f anti-EM4 antibody  

in human a n ti-£ . g ra n u lo su s  and a n t i-  T. so lium  in fe c tio n  sera. In 

E. g ra n u lo su s , a p o ss ib le  reason for th is  has been shown to  be the lack of 

e x c re tio n /se cr e tio n  o f th ese  antigens.

The genomic organ isation  o f the EM2 and EM4 genes and i t s  

conservation  has been a sse sse d  by Southern blot h yb rid isation  and mRNA 

tra n sc r ip ts  have been p u ta tiv e ly  id e n tif ie d  by Northern b lot an a ly sis . 

Imm unoprecipitation of in  v i t r o  tra n sla tio n  products in d ica tes  that p o st-  

tr a n s la t io n a l processing  o f a precursor m olecule may g ive  r is e  to the three  

EM4 n ative  antigens. Furthermore, the f u l l  n u cleotid e sequence of the EM4 

cDNA m olecule has been obtained and the derived amino acid sequence has 

shown no s ig n if ic a n t  homology with e x is t in g  protein  sequences.
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CHAPTER 1

1 INTRODUCTION

1.1 GENERAL

1.1 .1  HISTORY, CLASSIFICATION AND DISEASE

E chinococcosis (hydatid d ise a s e ) , caused by th e  la r v a l  s ta g e s  

o f  Echinococcus granulosus and E. multilocularis has been recogn ised  and 

tre a te d  s in ce  ancient tim es. I t  was d escrib ed  in the Talmud (200 AD), was 

known to  H ippocrates and was tre a te d  by A rtaeus, a Roman p hysician , by 

a s p ira tio n  (Morris, 1986). E. multilocularis, E. granulosus, E. oligarthrus 
and E. vogeli are tapeworms belonging to  th e  C lass Cestoda and the Family 

Taeniidae. The s p e c ie s  E. multilocularis and E. granulosus a re  the most 

e x te n s iv e ly  stu d ied  a s the la r v a l or m etacestode s ta g e  o f  th ese  organism s 

can develop w ithin  man to  produce th e  d is e a s e  con d ition s known, re s p e c t­

iv e ly , as 'a lv e o la r ' (AE) and 'cy stic*  (CE) ech in ococcosis.

1.1.2  LIFE CYCLE

The l i f e  c y c le  o f Echinococcus spp. re q u ire s  two h o sts , a 

carn ivo ro u s d e f in it iv e  h ost and a h erb ivorou s or omnivorous interm ed iate 

h ost. The d e f in it iv e  h ost o f  E. multilocularis can be a fo x  or dom estic dog 

or cat (Fig. 1.1). The ad u lt worm i s  on ly  a few m illim etres  in len gth  and is  

com prised o f a s p e c ia lis e d  attachm ent organ or 's c o le x ', p o sse ss in g  su ckers 

and hooks fo r  f ix in g  to  the gu t w a ll, and u su a lly  no more than f iv e  

p ro g lo tt id s . S ex u ally  m ature p ro g lo tt id s  s e l f  f e r t i l i s e  to  produce eggs, each 

o f  which contains a s in g le  embryo. These eg gs are  passed out w ith the 

fa e c e s  and a re  in fe c t iv e  to  the in term ed ia te  host, which can be a sm all 

rodent or man. The egg  h atch es in  the stomach r e le a s in g  the oncosphere 

which is  then a c t iv a te d  w ith in  th e sm all in te s tin e . P en etratio n  o f the gut 

mucosa i s  f a c i l i t a t e d  by the a ctio n  o f  s p e c ia l oncospheral hooks and by 

ly t i c  se cre tio n s . On e n te rin g  the c ir c u la t io n , tra n sp o rta tio n  to  the s i t e  o f  

p re d ile c tio n  occurs. T his i s  p rim arily  th e  l iv e r  where the m etacestode 

b egin s development to  form an a lv e o la r  c y s t. In the n a tu ra l c y c le  i.e . when
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F ig u re  1 .1  L ife  c y c le  o f  E. multilocularis (A fte r  McManus and Smyth, 1986).
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man i s  not the in term ed iate  h ost, p ro to sco le ce s  a re  produced w ith in  the 

c y s t, by means o f  a se x u a l reprod uction . These la rv a e  o r ig in a te  from an 

in te rn a l germ inal membrane th a t forms the innermost la y e r  o f  th e cy s t  w all. 

P ro to sco le ce s  a re  not u s u a lly  p resen t in human in fe c tio n s  (see below, 

s e c tio n  1.1.4). To com plete the cy c le , p ro to sco le ce s  a re  in g e ste d  upon 

k i l l in g  and e a tin g  o f  the in term ed iate  h ost. They are  a t f i r s t  in vagin ated  

and in a c tiv e  but are then stim u la ted  to  eva g in ate  by a number o f la r g e ly  

unknown fa c to r s . B ile  s a l t s  are, however, thought to  be the major t r ig g e r  

(Smyth, 1967). The p ro to sco le ce s  then become embedded w ith in  the cry p ts  o f  

Lieberkbhn o f the sm all in te s t in e , where the ad ult worm d evelops (Thompson, 

1986).

1 .1.3  DISTRIBUTION

E. aultllocularis i s  found only in the northern hem isphere 

(Fig. 1.2). I t  i s  re sp o n sib le  fo r  ca se s  o f  AE in p a r ts  o f  Russia, Alaska, 

northern Japan and c e n tr a l Europe (p a rt ic u la r ly  w estern  A u stria ,

S w itzerlan d , southern France and cen tra l/so u th ern  Germany). Reported

fin d in g s  o f AE in China, U.S.A., India and Iran, co u n trie s  which had 

p re v io u sly  been fr e e  o f i t ,  has in d ica ted  recen t spread o f  E. multilocularis 
(McManus and Smyth, 1986). E. granulosus i s  o fte n  found w ith in  the same 

re g io n s  as E. multilocularis and th is  in cre a se s  the need fo r  s p e c ie s -  

s p e c if ic  re a g e n ts  fo r  use in ro u tin e  d ia gn o sis  and se ro -e p id e m io lo g ica l 

su rveys.

1 .1.4  METACESTODE DEVELOPMENT IN MAN

The p r o life r a t io n  o f  the m etacestode o f  E. multilocularis 
w ith in  c e rta in  v i t a l  organs o f man p r e c ip ita te s  the AE condition . The 

m u ltiv e s ic u la r  c y s t  th a t develops i n f i l t r a t e s  the host t is s u e  and, due to  

the la ck  o f a h o s t - t is s u e  b a rr ie r , forms an in tim ate a s s o c ia tio n  w ith  the 

surrounding t is s u e . The c y s t  ra m ifie s  throughout the v i t a l  organ, u su a lly  

the l iv e r , o fte n  u n t i l  the point i s  reached when organ d ysfu n ction  occurs, 

r e s u lt in g  in death. The la r v a l mass is  made up o f  numerous sm all v e s ic le s  

which contain  a sem iso lid  m atrix. Human c y s ts  a re  u s u a lly  s t e r i le  and 

con tain  few or no p ro to sco le ce s  (Rausch and Wilson, 1973). I n f i l t r a t iv e
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F ig u re  1.2 World d is tr ib u tio n  o f  E. multilocularis (A fter  Schantz, 1984). 
<■ ) a re a s  where E. multllocularis i s  rep o rted  to  occur.
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grow th i s  made p o s s ib le  by v ir tu e  o f  a network o f filam entous, s o lid , 

c e l lu la r  p ro tru sio n s o f  the germ inal la y e r , which transform  in to  tu b e - lik e  

and c y s t ic  s tr u c tu r e s  (Mehlhorn et al, 1983). The p r o life r a t io n  o f u n d iffe r ­

e n tia te d  germ inal la y e r  c e l l s  r e s u lt s  in  sim ultaneous exogenous and 

endogenous growth. Germinal c e l l s  o fte n  detach from the i n f i l t r a t in g  

s tr u c tu r e s  and are  tra n sp o rted  by blood o r lymph to  rem ote reg io n s o f  the 

body e.g. the lungs or brain, where secondary c y s ts  (m eta sta tic  fo c i) , 

c h a r a c te r is t ic  o f  AE, may develop (Eckert et al, 1983).

1 .1.5  THE INCIDENCE OF ALVEOLAR ECHINOCOCCOSIS

The occurrence o f  AE in predom inantly ru r a l a rea s  makes 

r e l ia b le  inform ation regard in g  the number o f ca se s  d i f f i c u l t  to  obtain . 

However, in Sw itzerlan d , where AE i s  a w e ll known p u b lic  h ea lth  problem, the 

in cid en ce o f AE has been w e ll documented. Drolshammer et al (1973) have 

rep o rted  an annual average  o f  8.7 new ca se s  o f AE diagnosed between 1956 

and 1969. This amounted to  a t o t a l  o f 122 cases, most o f which w ere o f  

S w iss n a tio n a lity  and w ith in  the 51 to  60 year old age group. More 

re c e n tly , 10 new ca se s  o f  AE per annum, have been r e g is te r e d  in S w itzerlan d  

fo r  the period 1970 to  1983 (G o ttste in  et al, 1987 a).

1.1.6  THE CLINICAL MANIFESTATION AND TREATMENT OF ALVEOLAR

ECHINOCOCCOSIS

The i n i t i a l  symptoms o f  AE are o fte n  n o n -sp e c ific , but 

e p ig a s tr ic  pain w ith  hepatom egaly which p ro g re sse s  to  o b s tru c tiv e  jaundice 

i s  a p o ssib le  m a n ifesta tio n  (Schantz and G o ttste in , 1986). D iagn osis is  

u s u a lly  only made when the con d ition  i s  w e ll advanced, o fte n  making the 

le s io n  inoperable. The consequence o f  th is  i s  that on ly  20 to  40% o f ca se s  

a re  s u r g ic a lly  r e s e c ta b le  and, o f  the rem aining n o n -re se cta b le  cases, 90% 

d ie  w ith in  10 y e a rs  o f  d ia g n o sis  (Schantz and G o ttste in , 1986). Drug therapy 

w ith  mebendazole in human ca se s  (W oodtli et al,, 1985; M orris, 1986) and 

experim ental anim als (Eckert, 1985) has been shown to  have, a t b e st, an 

in h ib ito ry  e f f e c t  on m etacestode growth. The use o f  cu rre n tly  a v a ila b le  

a n th elm in tics  is , th e re fo re , lim ited  to  prolonging the l i f e  o f the p a tien t.
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The high degree o f  m o rta lity  r e s u lt in g  from E. multilocularls m etacestode 

in fe c tio n  makes i t  one o f the most le t h a l  p a r a s ite s  known to  man.

1.2 THE IMMUNOLOGY OF ALVEOLAR ECHINOCOCCOSIS

1.2.1 THE INTERMEDIATE HOST RESPONSE TO TAEMUD INFECTION

The immune system  o f th e  in term ed iate h ost is  exposed to  a 

range o f p a r a s ite  an tigen s. The i n i t i a l  response i s  to  the invading 

oncosphere, fo llow ed  by a response to  the d eveloping m etacestode. The 

oncosphere i s  a p ow erfu l immunogen (Schantz and G o tts te in , 1986; C raig, 

1988) and i t s  e a r ly  s tim u la tio n  o f  th e  immune system  would in d ica te  the 

p o te n tia l u se fu ln e ss  o f  on cosph eral a n tig en s fo r  e a r ly  d ia g n o sis  and, as 

s tu d ie s  on Taenia spp. have dem onstrated (Rickard and W illiam s, 1982;

H arrison and Parkhouse, 1986; L ig h to w le rs  et al, 1986 a, b), fo r  vaccin ation . 

The developing m etacestode a ls o  s t im u la te s  the immune system , but, the 

degree to  which i t  does so depends la r g e ly  upon the s p e c ie s  involved  and 

the g e n e ra l c h a r a c te r is t ic s  and in t e g r i ty  o f  the c y s t( s )  (Schantz and 

G o ttste in , 1986; C raig, 1988).

1.2.2 THE HUMORAL RESPONSE GENERATED BY E. GRANULOSUS AND 

E. MULTILOCULARIS METACESTODE INFECTIONS

E. granulosus human in fe c tio n  r e s u lt s  in  in creased  antibody 

production o f  th e  IgG, IgM, IgA and IgE c la s s e s  (Craig, 1986). A lso,

c ir c u la t in g  a n tig en  (G o ttste in , 1984; C raig, 1986) and immune com plexes 

(Craig and Nelson, 1984) have been d e tecte d  in the serum o f  CE p a tie n ts . 

S im ilar im m unological respon ses a re  found w ith E. multllocularls in fe c tio n s . 

An antibody response was apparent in la b o ra to ry  g e r b ils  which c o rre la te d  

w ith  the s iz e  o f  th e  m etacestode (Kroeze and Tanner, 1986). Furtherm ore, 

le v e ls  o f  IgM and IgG, E. multilocularis-specific antibody (Ali-Khan and 

Siboo, 1982) and c ir c u la t in g  immune complexes (Ali-Khan and Siboo, 1983) 

were found to  in cre a se  during th e  co u rse  o f E. multilocularis in fe c tio n  in 

mice. I t  i s  w e ll e s ta b lis h e d  th a t human E. multilocularis in fe c tio n  r e s u lt s  

in a pow erfu l humoral immune response (Schantz and G o tts te in , 1986) and a 

stu d y  o f c ir c u la t in g  and basophil-bound E. multilocularis-speciiic IgE
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a n tib o d ies  has been perform ed r e c e n tly  (V uitton et aLt 1988).

Both AE and CE r e s u lt  in  stim u la tio n  o f  the host immune 

system , but the m etacestodes o f th e two s p e c ie s  develop in d is s im ila r  ways 

and each s p e c ie s  p o sse sse s  s p e c if ic  an tigen s. These d iffe r e n c e s  may 

in flu e n ce  the ex a ct n ature o f the immune response invoked in each case  

(Schantz and G o ttste in , 1986; C raig , 1988). T h is can be e x p lo ite d  

s e r o lo g ic a lly  to  d i f fe r e n t ia t e  betw een th e in fe c tio n s  in man.

1.3 THE DIAGNOSIS OF ALVEOLAR ECHINOCOCCOSIS

1.3.1 NOW-IMMUNOLOGICAL DIAGNOSIS

S e v e ra l non-im m unological methods have been used fo r  the 

d ia g n o sis  o f  ech in o co cco sis  w ith  v a ry in g  d egrees o f  su ccess. These in clu d e 

c l in ic a l  symptoms (carcinoma, c ir r h o s is ) , p la in  film  roentgenography, 

angiography, com puterised a x ia l  tomography (CAT), u ltrasou n d  scanning and 

th e  d e te c tio n  o f la r v a l  elem ents. These techn iques have been review ed by 

Schantz (1984) and Schantz and G o tts te in  (1986). T h eir major lim ita tio n s  are 

la t e  d iagn o sis, com plexity, in te r p r e ta tio n  d i f f i c u l t i e s  and co st. Immuno­

lo g ic a l  methods overcome many o f  th e se  problems, and when f u l ly  developed, 

should provide more a p p ro p riate  d ia gn o sis.

1.3.2 IMMUNOLOGICAL DIAGNOSIS

1.3.2.1 Im m unological t e s t s

E x ten sive  e v a lu a tio n  o f  a l l  a v a ila b le  se ro d ia g n o stic  techn iq ues 

has been perform ed w ith regard  to  ech in oco cco sis  d ia gn o sis. The outcome o f 

th ese  e v a lu a tio n s  has been review ed by Schantz and G o tts te in  (1986). The 

enzym e-linked immunosorbent a ssa y  (ELISA) i s  one system  which has been 

shown to  dem onstrate high le v e ls  o f  s e n s it iv it y .  T his t e s t  is  based on the 

re a c tio n  o f  a n tig e n s  or a n tib o d ies  bound to  a s o lid  m atrix w ith a n tib o d ie s  

or c ir c u la t in g  a n tig en s, r e s p e c t iv e ly , in p a tie n ts ' serum. The immune-complex 

formed is  d e tec te d  by a second antibody coupled to  an enzyme which 

produces, in  the p resence o f  a s u ita b le  s u b s tra te , a co lour re a ctio n . The 

ex te n t o f  t h is  co lou r change i s  d ir e c t ly  p ro p o rtio n al to  the le v e l  o f
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antibody or c ir c u la t in g  an tigen  w ith in  the p a tien t serum. T his t e s t  is  

r e la t iv e ly  sim ple to  perform  and th e  r e s u lt s  a re  ea sy  to  in te rp re t , 

im portant fa c to r s  when con sid erin g  the r u r a l lo c a l i t ie s  in which th e t e s t  

may have to  be perform ed. A sm all amount o f  blood is  a l l  th at i s  req u ired  

from the p a tie n t and the re a g e n ts  fo r  the t e s t  are  re a d ily  a v a ila b le  and 

inexpensive. T h is technique a ls o  lends i t s e l f  to  the rapid, autom ated 

screen in g  o f la r g e  numbers o f t e s t  sam ples. This technique could, th e re fo re , 

provide an a ccu ra te  means o f  e a r ly  d ia gn o sis  o f AE, when used in 

conjunction w ith  s u ita b le  p a r a s ite  an tigen s.

D espite  the obvious advantages o f th is  technique, such a 

system  is  at p resen t b eset by a number o f problems which a r is e  m ainly from 

the typ e o f an tigen  used w ith  th e  t e s t .  When r e la t iv e ly  crude an tigen  

p rep aratio n s are  used, a la rg e  number o f  fa ls e - p o s it iv e  d iagn oses are  made, 

due to  the high  le v e l  o f c r o s s - r e a c t iv i t y  dem onstrated by such a n tig en s. 

This is  a p a r t ic u la r  problem when two or more p a r a s it ic  d is e a s e s  occur 

w ith in  the same g eo g rap h ica l area, as  i s  o fte n  the case  w ith AE and CE. The 

id e n tif ic a t io n  and p u r if ic a tio n  o f  s p e c ie s - s p e c i f ic  an tig en s is , th e re fo re , a 

n ecessa ry  p re r e q u is ite  fo r  a ccu ra te  d iagn o sis. A fu r th e r  problem i s  the poor 

a v a i la b i l i t y  o f w e ll ch a ra cte ris e d  p a r a s ite  m a te ria l from which to  e x tr a c t  

th e se  an tig en s. Both o f th e se  problem s have to  be surmounted b e fo re  the 

f u l l  p o te n tia l o f im m unologically based t e s t s  can be re a lis e d .

1.3.2.2 S p e c ie s - s p e c if ic  a n tig e n s  fo r  lmmunodiagnosis

Attem pts have been made to  immunodiagnose va rio u s m etacestode 

in fe c tio n s  u sin g  crude an tigen  p rep aratio n s and d if fe r e n t  assay  techn iques 

(see, fo r  example, D o tto rin i et al., 1983; Knobloch et al., 1984; Yong and 

Heath, 1984; Pappas et al., 1986; Rickard and L igh to w lers, 1986; Hira et alt 
1987). S e n s it iv i ty  has been achieved, but c r o s s - r e a c t iv i t y  o f the a n tig en s 

used has led  to  a low degree o f s p e c if ic i t y .  In an e f f o r t  to  ex p la in  th ese  

e f fe c t s ,  s e v e r a l workers have attem pted to  c h a ra c te r is e  the a n tig e n ic  

components (G o ttste in  et al., 1986 a; Parkhouse and H arrison, 1987). 

A d d ition al s tu d ie s , d iscu ssed  below, have led  to  th e  id e n tif ic a t io n  o f 

s p e c ie s - s p e c i f ic  an tig en s w ith  p o te n tia l fo r  the immunodiagnosis o f  CE and 

AE. Problems e x is t ,  however, w ith  regard  to  the la r g e  s c a le  production o f
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th ese  a n tig en s, which can p o te n tia lly  be overcome by th e use o f recom binant 

DNA techniques.

1.3.2.3 D iagnostic antigens for c y s t ic  echinococcosis

Hydatid c y s t  f lu id  i s  a convenient so u rce  o f a n tig en  fo r  

E. granulosus as i t  con tain s a number o f  p a r a s ite  components and i s  o fte n  

present w ith in  c y s ts  in la r g e  amounts which a re  e a s i ly  a c c e s s ib le . In fe c te d  

sheep are  a u s e fu l source, and G o tts te in  et aL (1987 b) compared the 

p ro te in  co n s titu e n ts  o f f lu id  from va rio u s anim al in fe c tio n s . For the 

d e te c tio n  o f  c ir c u la t in g  antibody, an tigen  and immune complexes in human 

hydatid  in fe c tio n s , r e la t iv e ly  crude cy s t  f lu id  a n tig en  has been used 

(d'Amelio et aL, 1983; C raig  and Nelson, 1984; G o tts te in , 1984; C raig, 1986). 

These t e s t s  were not on the whole intended to  be d ia g n o stic , thereby making 

the use o f  h ig h ly  p u r ifie d  a n tig en  unnecessary.

L igh to w lers et aL (1984), in s tu d ie s  on d ia g n o sis  o f in fe c te d  

sheep, used c y s t  f lu id  d ep leted  o f  c e r ta in  components by a f f i n i t y  abso rp tio n  

as antigen . They found c r o s s -r e a c tio n s  occurred d e s p ite  rem oval o f c e r ta in  

f lu id  components although n o n -s p e c if ic  background was reduced. C h aracter­

is a tio n  o f  cy s t  f lu id  components has been e x te n s iv e  (review ed by Schantz 

and G o ttste in , 1986), and more re ce n t work in clu d es th a t by d'Amelio et al. 
(1985), G o tts te in  et aL (1987 b) and Shepherd and McManus (1987). Two 

an tig en s, an tigen  5 and an tigen  B, have been stu d ie d  in p a r t ic u la r  w ith  

regard  to  immunodiagnostic p o te n tia l. There has been, however, some 

confusion  over which o f  th e se  a n tig e n s  i s  s p e c if ic  and which i s  conserved. 

This has now been re so lve d  by Shepherd and McManus (1987) whose work 

in d ica te s  th a t a n tig en  B is  E. granulosus-s p e c if ic  and, due to  the presence 

o f  an a tta ch ed  phosphorylcholine epitop e, th at an tig en  5 is  h ig h ly  c r o s s -  

re a c tiv e . Monoclonal a n tib o d ie s  have been ra ise d  a g a in s t  an tigen  5 to  a id  in 

i t s  c h a ra c te r is a tio n  by Di F e lic e  et al. (1986) but th e ir  immunodiagnostic 

va lu e has y e t to  be eva lu ated .

A monoclonal antibody has been produced a g a in st an 

E. granulosus on cosph eral a n tig en  (Craig et al., 1986) which is  gen u s- 

s p e c if ic  and hence may be used to  id e n tify , by im m unofluorescence, 

Echinococcus eggs. These a re  m orph ologically  id e n tic a l to  th ose o f  o th er 

ta e n iid s . T h is monoclonal antibody may be o f lim ited  value, however, in
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sero d ia g n o sis  where CE and AE o verla p  because d is tin g u is h in g  between 

E. granulosus and E. multllocularls in fe c tio n s  would not be p o ssib le .

Work on E. granulosus a n tig en s is ,  th e re fo re , r e la t iv e ly  

advanced and p o te n tia lly  im m unodiagnostic determ inants have been id e n tif ie d . 

The a p p lica tio n  o f  th ese  to  s e r o lo g ic a l  d ia g n o sis  o f  CE i s  proving d i f f i c u l t ,  

however, as the immune respon se g en erated  by p a tie n ts  can vary  w id ely  

depending upon s e v e r a l fa c to r s  which include, 1) th e  v ia b i l i ty ,  lo ca tio n  and 

number o f  c y s ts  (Schantz, 1984; Shepherd and McManus, 1987; C raig , 1988), 

2) the p resence o f  en ca p su la tin g  c y s t  membranes which prevent an tig en  

r e le a s e  in to  the host, r e s u lt in g  in a poor antibody response (Schantz and 

G o ttste in , 1986; C raig, 1988), and 3) the t i t  re  o f  ce r ta in  E. granulosus- 
s p e c if ic  a n tib o d ies  may be reduced by immune-complex form ation w ith  

c ir c u la t in g  a n tig en  (Craig, 1986; Shepherd and McManus, 1987).

T e s ts  which can d e te c t  c ir c u la t in g  an tig en  and immune-complex 

d isru p tio n  techn iques may h elp  to  overcome some o f th e se  problem s 

(G ottste in , 1984; Craig, 1986).

1.3.2.4 D iagnostic antigens for  a lveolar echinococcosis

E. multllocularis in fe c tio n s , due to  th e  in tim ate a s s o c ia t io n  o f 

host and c y s t ic  m ateria l, w ithout in terven in g  membranes, g e n e ra lly  produce 

high t i t r e s  o f p a r a s ite - s p e c i f ic  a n tib o d ies  in p a tien t serum (Schantz and 

G o ttste in , 1986; C raig, 1988). For t h is  reason, the s e r o lo g ic a l d ia g n o sis  o f  

AE should p resen t few er s e n s i t iv i t y  problems than th a t o f  CE.

The stu d y  o f  E. multllocularis a n tig en s has, u n t i l  re c e n tly , 

been lim ited , d e sp ite  the s e r io u s  consequences o f  the human in fe c tio n . 

Prelim inary work, usin g  sodium dodecyl su lp h a te-p o lya cry lam id e  g e l  

e le c tro p h o re s is  (SDS-PAGE) and im munoblotting, to  id e n tify  the an tig en s 

which stim u la te  the immune response, was rep o rted  by Lingelbach and Hinz 

(1984). T his work dem onstrated th a t a n ti-E . multllocularis in fe c tio n  se ra  

obtained from d if fe r e n t  host s p e c ie s  recogn ised  d is s im ila r  p a ra s ite  

an tigen s. Four E. multllocularis a n tig en s w ere shown to  be reco gn ised  only 

by a n ti-E . granulosus and a n ti-E . multllocularls in fe c tio n  sera . They were, 

th e re fo re , c h a r a c te r is t ic  o f  Echinococcus spp. in fe c tio n .

Perhaps the most s ig n if ic a n t  advance tow ards producing an 

immunodiagnostic reagen t fo r  AE, to  date, has been the is o la t io n  o f  a
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s p e c ie s - s p e c i f ic  an tigen  by a f f i n i t y  chromatography. I n i t ia l  p u r if ic a tio n  was 

achieved by p assin g  a crude E. multilocularis e x tr a c t  through a ra b b it  a n t i-  

E. granulosus c y s t  f lu id  IgG column. The components which passed through 

the column were shown to  dem onstrate E. multllocularls-specifictty when 

te s te d  by ELISA (G o ttste in  et al.t 1983). The p ro te in  re sp o n sib le  fo r  th is  

s p e c if ic i t y ,  d esign ated  Em 2a, was found to  have a m olecular w eight o f 

54 kDa, an is o - e le c t r ic  point o f  4.8 and i t s  a n t ig e n ic ity  was proven by 

im m unoprecipitation and im m unoblotting (G o ttste in , 1985). The use o f  th is  

an tigen  in an ELISA a ssa y  produced a 95% d iscrim in a tio n  r a te  between AE and 

CE (G o ttste in  et aL, 1986 b) in d ica tin g  i t s  p o te n tia l as an immuno- 

d ia g n o stic  reagen t. R ecently, i t  has a ls o  been shown (Rausch et al., 1987) 

th at t h is  an tigen  can d e te c t  antibody in the s e ra  o f p a tie n ts  whose 

m etacestodes have ap p aren tly  undergone spontaneous death and which, 

consequently, p resen t no fu r th e r  th re a t. This could have s e r io u s  

im p lica tio n s in term s o f w hether su rg e ry  or drug therapy would be n ece ssa ry  

to  remedy c e rta in  cases o f  AE. Consequently, a d d itio n a l t e s t s  would have to  

be perform ed in order to  e s ta b lis h  m etacestode v ia b i l i t y  p rio r  to  treatm ent.

A s p e c ie s - s p e c if ic  an tig en  w ith d ia g n o s tic  p o te n tia l has, 

th e re fo re , been s u c c e s s fu lly  id e n tif ie d  fo r  E. multllocularls, but problem s 

o f  an tigen  a v a i la b i l i t y  may be encountered when i t  i s  used r o u tin e ly  a s  a 

d ia g n o stic  reagen t. T his w i l l  n e c e s s ita te  co n siste n t q u a lity  c o n tro l o f  the 

antigen , a requirem ent which w i l l  be d i f f i c u l t  to  ach ieve  using co n ven tion al 

p u r if ic a tio n  techniques. The problem s a sso c ia te d  w ith  c la s s ic a l  p u r if ic a tio n  

methods can include, 1) la ck  o f a v a i la b i l i t y  o f w e ll  ch a ra cte ris e d  p a r a s ite  

m ateria l, 2) ach ievin g  s u f f ic ie n t  p u r ity  n ecessary  to  d ecrease  the lik e lih o o d  

o f  fa ls e - p o s i t iv e  re a ctio n s, 3) len gth  o f tim e req u ired  fo r  p u r ific a tio n , and 

4) the te c h n ic a l d i f f i c u l t ie s  encountered when la rg e  amounts o f  an tigen  are  

processed.

1.3.2.5 Recombinant DNA techn ology a s  a  so u rce  o f  d ia g n o s tic  a n tig e n s

An a lte r n a t iv e  approach fo r  e lim in a tin g  c r o s s - r e a c t iv i t y  and 

overcom ing an tigen  a v a i la b i l i t y  problems has become a v a ila b le  w ith  the 

recen t advances in m olecular b io logy. The in s e rtio n  o f  fo re ig n  gen es in to  

h ete ro lo g o u s b io lo g ic a l system s a llo w s the s y n th e s is  o f  la rg e  q u a n tit ie s  o f 

d efin ed  p ro te in s. The use o f  such system s can a ls o  f a c i l i t a t e  the rapid
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id e n tif ic a t io n  and is o la t io n  o f  the requ ired  p ro te in  and i t s  corresponding 

gene.

The p resen t stu d y  has e x p lo ite d  th is  techn ology in an e f f o r t  

to  id e n tify  and s y n th e s ize  E. multilocularls-s p e c if ic  an tig en s which may 

dem onstrate immunodiagnostic p o te n tia l in t e s t s  such as ELISA.

1.4 THE PROJECT AIMS

The prim ary o b je c tiv e  o f  th is  p ro je ct was to  u t i l i s e  m olecular 

cloning techn iq ues to  a llo w  th e  production o f  E. multllocularls-speciiic 
an tig en s which could be in corp orated  in im m unodiagnostic t e s t s ,  th ereb y  

e lim in a tin g  the inherent problem s a s s o c ia te d  w ith  crude an tigen  p re p a ra tio n s 

cu rre n tly  in  use. A fu r th e r  aim was to  c h a ra c te r is e  cloned a n tig en s a t  both 

the p ro te in  and g e n e tic  le v e l. T h is would provide u s e fu l in form ation  

regard in g  the b io lo g y  o f the p a r a s ite  and i t s  in te ra c tio n  w ith the human 

host. In order to  f u l f i l  th e se  aims the fo llo w in g  s te p s  were employed:

1) E. multilocularis an tigen  gen es were cloned in a s u ita b le  e x p ressio n  

system  which allow ed th e  p re lim in ary  id e n tif ic a t io n  and is o la t io n  o f 

p u ta t iv e ly  E. multilocularis- s p e c if ic  a n tig en  gene clon es and th e ir  

exp ressed  p ep tid es.

2) The im m unodiagnostic p o te n tia l o f  the exp ressed  p ep tid es was a s s e s s e d  

w ith regard  to  th e ir  use in a s s a y s  such as ELISA and methods fo r  im proving 

th e ir  e f f ic a c y  as d ia g n o stic  re a g e n ts  were explored.

3) C h a ra cte risa tio n  o f  th e  n a tiv e  p a r a s ite  p ro te in s  corresponding to  the 

cloned a n tig e n s  was perform ed to  a llo w  th e ir  p relim in ary  id e n tif ic a t io n  and 

lo c a lis a tio n . The a n tig e n s w ere a ls o  ch a ra cte r is e d  a t the im m unological, 

p ro te in  and g e n e tic  le v e ls . T his included s tu d ie s  regard in g  the genomic 

o rg a n isa tio n  o f  the an tigen  gen es and n u cle o tid e  sequencing o f a p u ta t iv e ly  

d ia g n o stic  clone.
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CHAPTER 2

2 THE CLONING AND EXPRESSION OF PUTATIVELY SPECIFIC

E. MUL TILOCULARIS ANTIGEN GENES

2.1 INTRODUCTION

2.1.1 THE EXPRESSION OF FOREIGN GENES USING MOLECULAR CLONING 

TECHNIQUES

2.1.1.1 General

The advent o f m olecular cloning techn ology has now made i t  

p o ss ib le  to  ex p ress  d esired  gene sequences w ith in  e ith e r  p ro k a ry o tic  or 

e u k a ry o tic  system s (Shatzman and Rosenberg, 1987; B itte r , 1987; Cullen, 

1987). T his methodology can f a c i l i t a t e  the production o f unlim ited  amounts 

o f  a d efin ed  fo re ig n  p ro te in  which can be p u r ifie d  fr e e  o f o th er p ro te in  

con tam in an ts. The c h a r a c te r is t ic s  o f  the p ro te in  produced w il l  remain the 

same u n less d e lib e ra te  changes a re  introduced to  the system . Such system s 

are, th e re fo re , p a r t ic u la r ly  s u ita b le  fo r  the production o f s e ro d ia g n o s tic  

re a g e n ts  a s they can overcome the problems o f  an tigen  a v a i la b i l i t y  and 

v a r ia b il it y .  Furtherm ore, as s in g le  d efin ed  genes a re  expressed , problems 

caused by c r o s s - r e a c t iv e  components in crude e x tr a c ts  are  o fte n  elim inated .

The choice o f  e x p ressio n  system  used depends la r g e ly  upon the 

o b je c t iv e s  o f the work being undertaken. Genes from an extrem ely  d iv e rse  

range o f  organism s have now been expressed  s u c c e s s fu lly  in E. coli, y ea st 

and mammalian c e lls ,  th e  fundam entals o f  which have been d escrib ed  by 

Shatzman and Rosenberg (1987), B it te r  (1987) and C ullen (1987), 

r e s p e c t iv e ly .

2.1.1.2 Eukaryotic system s

S ev e ra l fa c to r s  have to  be taken in to  account when d eciding 

upon the most ap p rop riate  system  to  use. Eukaryotes, namely y e a s t  and 

e s p e c ia lly  mammalian c e l ls ,  are  capable o f  e x p re ssin g  fo re ig n  p ep tid es in 

such a way a s to  a llow  alm ost com pletely f a i t h f u l  reprod uction  o f  the
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n ative  protein  as i t  would be syn th esized  w ith in  i t s  n a tive  c e l l  type  

(B itter, 1987; Cullen, 1987). These system s, although appropriate for  certa in  

sp e c ia lise d  ap p lica tion s, such as the fu n ction a l a n a ly s is  o f cloned genes, 

are not w ell su ited  to  some s tu d ie s  on account o f th e ir  r e la t iv e  com plexity. 

Prokaryotic system s, however, d esp ite  th e ir  shortcom ings with regard to  the  

q u ality  o f the protein  produced, are more app licab le  to certa in  s tu d ie s  due 

to  their  s im p lic ity  and the fact that they have been e x te n s iv e ly

characterised . These system s a lso  f a c i l i t a t e  the in i t ia l  cloning,

id e n tif ic a t io n  and iso la t io n  of ta rg et genes, which can be expressed  

subsequently  using more complex system s, i f  necessary.

2.1.1 .3  P rokaryotic  system s

Considering the o b jec tiv es  o f the current study, i t  was not

envisaged that e x ten siv e  p rocessin g  (g lycosy la tion , correct fo ld in g , e tc .)  

of the cloned antigen gen es would be necessary  in it ia l ly .  The antigen  genes  

were to  be iso la te d  s o le ly  on the a b ility  o f th e ir  expressed products to

react with human in fe c tio n  sera  and th is  c r iter io n  could be met using the 

more basic prokaryotic system s. Consequently, th is  type o f system  was

thought to  be best su ite d  to  th is  work and, o f the system s ava ilab le ,

E. c o il  has been the most w idely used and characterised  (Shatzman and 

Rosenberg, 1987).

E. c o ll  system s have been designed to  allow the in ser tio n  of  

the DMA sequence o f in te r e s t  in to  a m ulticopy vector system , u su a lly  a 

plasmid, which d ir ec ts  e f f ic ie n t  tran scrip tion  and tran sla tion  o f the desired  

coding sequence. Most fore ign  genes do not contain  the s ig n a ls  required for 

ribosome recogn ition  and tra n sla tio n  in it ia t io n  in E. co ll. These must be 

provided, th erefore, by e ith e r  linking the gene d ir ec tly  to  an E. c o ll  

ribosome binding s i t e ,  or by fusing  the foreign  sequence to  that o f an 

e x is t in g  b a c ter ia l s tr u c tu r a l gene. The la t te r  approach is  the most common, 

and i t  r e s u lt s  in the production of a chim eric protein, c o n s is t in g  o f a 

portion of the E. c o li  protein  fused to  the foreign  protein. This hybrid 

product is  referred  to as a fu sion -p ep tid e .

Many foreign  protein  products can be le th a l to E. c o l l , the 

exp ression  o f the in ser ted  gene must, th erefore, be under tig h t regu latory  

control. B acteria l prom oter/operator sequences which can d irect high le v e ls
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o f tra n s c r ip tio n  and which can be r e a d ily  turned on or o f f  a re  u t i l i s e d  in 

order to  overcome th is  problem. The most favou red  system s are, 1) the 

le ftw a rd  promoter o f the lambda bacterioph age, which i s  co n tro lle d  by the 

te m p e ra tu re -se n sitiv e  c l8 5 7  re p re sso r, 2) the trp  promoter, which can be 

induced w ith  id o le a c r y lic  a cid  (IAA), 3) the la c  promoter, which can be 

induced w ith  iso p ro p ylth io g a lacto p y ra n o sid e  (IPTG), and 4) the ta c  promoter, 

co n stru cted  from the trp  and la c  prom oters, which can d ire c t  v e ry  high 

le v e ls  o f  exp ression  and i s  a ls o  induced by IPTG (McIntyre et al, 1986).

2 .1 .1 .4  P a ra s ite  gene e x p re ssio n  in  E. coll

S ev era l E. coll v e c to r s  have been used to  clone and ex p ress  

p a r a s ite  an tig en s (McIntyre et al, 1986). The use o f  im m unological 

screen in g  techniques has meant th a t an tigen  genes can be ra p id ly  id e n tif ie d  

w ith in  gene exp ression  l ib r a r ie s  w ithout the need fo r  any prelim in ary  

c h a ra c te r is a tio n  or knowledge o f  the cloned DNA sequences (Shatzman and 

Rosenberg, 1987; S ta h l et al, 1984). Because o f  the lack  o f d ata  a v a ila b le  

fo r  E. multilocularls a n tig e n s, such an approach was w e ll s u ite d  to  the 

is o la t io n  o f  cloned E. multilocularls a n tig en  genes. These could then be 

expressed , using the same or a re la te d  system , provid ing p re p a ra tiv e  

amounts o f  recombinant a n tig e n s  fo r  development as im m unodiagnostic 

reag en ts.

Only one E. multllocularis-specific an tigen  (Em 2a) has been 

id e n tif ie d  to  date (G o ttste in  et al, 1983). I t  may be p o ss ib le  to  is o la t e  an 

a n tig en -g en e  clone corresponding to  th is  p ro te in  from an ex p ressio n  lib r a r y  

using s p e c if ic  antiserum  but, fo r  reason s th a t w i l l  be d iscu ssed  la te r ,  th is  

may not be fe a s ib le . In order, th e re fo re , to  id e n tify  at random 

u n ch aracterised , s p e c ie s - s p e c i f ic  an tigen  genes, a la rg e  E. multllocularls 
gene ex p ressio n  lib r a r y  needed to  be co n stru cted  which would con tain  as 

many p a r a s ite  gene sequ en ces as p o ssib le . Lambda bacterio p h age  i s  the 

v e c to r  o f  choice as the inherent e f f ic ie n c y  o f  such a system , r e la t iv e  to 

th a t o f  plasm ids, when in tro d u cin g  recom binant v e c to r  DNA m olecules into 

E. coll c e l ls ,  i s  much g r e a te r . Of the E. coll exp ressio n  system s so  fa r  

developed, the ones which s a t i s f y  th is  c r ite r io n  b est a re  bacterioph age 

lambda g t l l  (X g t ll)  and i t s  d e r iv a tiv e  X gtll-am p 3 .
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2.1.2 THE X g t l l  EXPRESSION SYSTEM

The expression  vector X g tll was constructed  by Young and 

Davis (1983) to provide a system  that would allow  the use o f antibody

probes to d etect certa in  sequences o f cloned DNA. The E. c o ll  

p -g a la c to s id a se  (p -ga l) la cZ  s tr u c tu ra l gene has been sp liced  in to  the

lambda genome. This a llow s the in ser tio n  o f foreign  gene sequences at an 

Eco R1 cloning s i t e  in the C-term inal region  o f p -ga l r e su lt in g  in the

production o f a (3-gal fu sion -p ep tid e . Gene expression  i s  d irected  and

con tro lled  by the lac proraoter/operator which contro ls normal (3-gal 

exp ression  in E. coll. Expression can, th erefore , be stim u la ted  by the

addition o f IPTG. The vector  was designed to allow  the production of  

tem perature s e n s it iv e  ly so g en s o f E. c o li  using certa in  h flA  (h igh-frequency  

lysogeny) and lo rr  ( Ion  p r o te a se -d e fic ie n t)  mutant c e l l s  to  f a c i l i t a t e  

immunoscreening and allow  sy n th e s is  o f preparative amounts o f fu s io n -  

peptide. Non-recombinant ly sogen s (lac"") produce a c tiv e  p -ga l which can be 

d etected  using the chromogenic su b stra te  5 -b ro m o -4 -ch lo ro -3 -in d o ly l-p -D -  

galactopyranoside (X-gal).

An apparent problem with th is  system , however, i s  the

occurrence o f lac. resid u a l n on -lysogen ic  co lo n ies  which grow a longside

genuine lac" recombinant ly sogen s (Kemp e t  a l ., 1983). These may a r ise  due 

to  the unstab le nature o f some recombinant ly sogen s (McIntyre e t  a l ,  1985). 

In an e f fo r t  to  overcome th is , Kemp e t a l  (1983) modified the X g t ll  vector  

by in ser tin g  an a m p ic illin -r e s is ta n c e  (AmpT') gene, excised  from pBR322, to  

produce the vector X gtll-am p3. This conferred Amp1' to  genuine ly sogen ic  

co lon ies, allow ing th e ir  d if fe r e n tia t io n  from non -lysogen ic  a m p ic illin -  

s e n s it iv e  co lon ies which died in the presence o f am picillin .

A drawback with both o f th ese  system s has been the repeated

fa ilu r e  o f certa in  recom binants to  form s ta b le  lysogens. This has now been

a lle v ia te d  by the immuno-screening o f plaques as opposed to  ly sogen ic  

co lon ies, which removes the need for lysogen  construction  (Huynh e t  a l ,  

1935). This form of screen ing a lso  a llow s a g rea ter  number o f recombinants 

to  be probed sim ultaneously  (M aniatis e t  a l ,  1982).

Any advantage the X gtll-am p3 system  has over th at o f the 

o r ig in a l X g tll vector i s  la rg e ly  n u ll if ie d  when a plaque immunoscreening 

s tr a te g y  is  adopted. The X g tll system  has a lso  been the most w idely used
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and ch aracterised  and i t  has now become commercially av a ila b le . These 

fa cto rs  made th is  system  the most appropriate for use in th is  study.

2.1.3 THE STUDY OF PARASITE ANTIGENS USING X g tll  AND OTHER VECTORS

The X g tll exp ression  system  has been used e x te n s iv e ly  to  

study the an tigens o f many d iffe r e n t p a r a site  sp e c ie s  with regard to  

vaccine candidates and d ia g n o stic  reagen ts. Most work has been on the 

former, examples o f which are the cloning of p ro tec tiv e  an tigen s of: 

Sch istosom a  mansoni (B alloul e t  a l , 1987; H avercroft e t  a l,, 1988), Brugia  

m alayi (N ilsen e t  a l ,  1988), Plasmodium fa lc iparum  (Horii e t  a l ,  1988) and 

Eim eria te n e lla  (Profous-Juchelka e t  a l ,  1988), to  name but a few. With 

regard to  immunodiagnosis, fewer s tu d ie s  have been reported, examples of 

th is  type o f work, where p o te n tia lly  d ia g n o stic  an tigens have been cloned, 

are: Sch istosom a  mansoni (Klinkert e t  a l ,  1987; Newport e t  a l ,  1988),

Leishm ania donovani (B laxter e t  a l ,  1988) and, most recen tly

E. m u l t i lo c u la r is  (Vogel e t  a l ,  1988).

The ap p lication  o f m olecular clon ing techniques to  the study of 

cesto d es has been extrem ely lim ited . To date, a Taenia ta e n ia e fo rm ls  X g t l l -  

amp3 cDNA library has been constructed  (Bowtell e t  a l ,  1984) and T. o v is  

genes have been cloned in to  the pEX l/2/3 s e r ie s  o f exp ression  plasmids 

(Howell and Hargreaves, 1988) in order to  f a c i l i t a t e  vaccine development.

With regards to  E. m u ltilo c u la r is ,  a recent study has described  

the con stru ction  of a X g t ll  library  and prelim inary id e n tif ic a t io n  of 

p o te n tia lly  immunodiagnostic antigen  gene c lon es (Vogel e t  a l ,  1988). The 

o b jectiv es  o f that study, r e la tin g  to  the iso la t io n  o f recombinant 

d ia g n o stic  reagents, c lo s e ly  p ara lle led  se v e r a l o f those re levan t to  the 

current project.

2.1.4 THE CONSTRUCTION OF AN E. MULTILOCULARIS cDNA LIBRARY IN X g tll

2.1.4.1 Source o f  p a r a s ite  gen es

Fragments o f genomic DNA or cDNA syn th esized  from mRNA 

iso la te d  from a p articu lar  E. m u l t i lo c u la r is  l i f e - c y c le  s ta g e  were 

considered for library construction . The use o f genomic DNA has the
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advantage th a t a l l  DNA sequences are  rep resen ted . The major d isad van tage  o f 

th is  typ e  o f lib r a r y  i s  th a t many cloned gen es do not code fo r  an tigen s, 

and th ose that do may on ly  contain  fragm ents o f  the e n tir e  gene. In te rg e n ic  

gene sequen ces (in tron s and non-coding DNA) a re  a ls o  cloned alon g w ith the 

genes o f  in te r e s t . T his may have d e le te r io u s  a f f e c t s  upon the e x p ressio n  o f 

ce r ta in  genes and can com plicate the c h a ra c te r is a tio n  p ro cess o f  the cloned 

sequences (McIntyre et al, 1986). The ad van tages o f cloning cDNA are, 

1) e n t ir e  gene sequences w ithout extran eou s fragm ents can be cloned, 

a llo w in g  exp ression  o f  e n t ir e  p ep tid es in a form more c lo s e ly  resem bling 

th at o f  the n a tiv e  p ro te in , 2) the c h a ra c te r is a tio n  o f  c lon es o f  in te r e s t  is  

s im p lifie d , and 3) s u b s e ts  o f  genes th at a re  expressed  at p a r t ic u la r  l i f e -  

cy c le  s ta g e s  can be s e le c te d  (McIntyre et a l ,  1986). The clon in g  o f 

E. multilocularis cDNA was, th e re fo re , thought to  be the most s u ita b le  

approach tow ards th is  work.

The choice o f  l i f e - c y c le  s ta g e  from which to is o la t e  mRNA 

depended upon which s ta g e s  were immunogenic to  the human h ost and the 

n atu re o f the immune respon se gen erated  by each sta g e . Follow ing in g e stio n  

o f  E. multilocularls eg gs, the human immune system  is  exposed s e q u e n tia lly  

to  two l i f e - c y c le  s ta g e s , th e  invading oncosphere, fo llow ed  by the 

d eveloping m etacestode c y s t  mass (Schantz and G o ttste in , 1986). In order to  

clone th o se  an tigen s which stim u la te  an e a r ly  immune response, which might 

be advantageous fo r  immunodiagnosis, i t  would have been a p p ro p riate  to  

co n stru ct an oncospheral cDNA lib ra ry . A n ti-on cosp h era l a n tib o d ies  have been 

d e tec te d  1 week p o s t in fe c t io n  in sheep in fe c te d  w ith T. ovls and 

T, hydatigena (Craig and Rickard, 1981; 1982). T his work revea led , however, 

th a t th e  immune response, although  rapid, was not s p e c ie s - s p e c if ic .  C ertain  

on cospheral an tigen s may not, th e re fo re , be s u ita b le  fo r  use as d ia g n o stic  

re a g e n ts . The use o f oncospheres as a so u rce  o f clon able m a te ria l a ls o  has 

lim ita t io n s  o f a te c h n ic a l nature. The inherent danger o f working w ith 

in fe c t iv e  oncospheres in the la b o ra to ry  i s  a major drawback and the 

production o f  s u f f ic ie n t  oncospheral m a te ria l a ls o  p re se n ts  a d d itio n a l 

problems. Adult worms, when allow ed to  reach se x u a l m aturity, may provide a 

s u ita b le  source, but m aintenance o f t h is  l i f e - c y c le  s ta g e  would not be 

convenient. The most r e a d ily  a v a ila b le  and ap p rop riate  so u rce  o f  s p e c ie s -  

s p e c if ic  an tigen  genes is ,  th e re fo re , the d eveloping m etacestode la r v a l  mass. 

T his l i f e - c y c le  s ta g e  may a ls o  p o ssess some shared oncospheral an tigen s,
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which could s tim u la te  both an e a r ly  and s p e c ie s - s p e c i f ic  immune respon se in 

the human h ost, as i t  i s  known th a t some a n tig en s are  shared by d if fe r e n t  

l i f e - c y c le  s ta g e s  (Schantz and G o ttste in , 1986; C raig, 1988).

E. multllocularis m etacestode m a te ria l can be m aintained in the 

la b o ra to ry  by the in tra p e r ito n e a l p assage  o f  cy s t  m a te ria l in co tto n  r a ts  

(Sigmodon hlspidus) (Lubinsky, 1960). The a lv e o la r  c y s t  m a te ria l when 

removed, however, i s  h e a v ily  contam inated w ith  host t is s u e  and p a r a s ite  RNA 

cannot, th e re fo re , r e a d ily  be e x tra c te d  from th is  crude m a te ria l. The 

p ro to sco le ce s  present w ith in  the c y s t  m atrix can, however, be is o la te d  and 

p u r ifie d  by treatm ent w ith  pepsin, to  remove a l l  host t is s u e  contam inate 

(McManus and Smyth, 1978; McManus and B a rre tt , 1985). P u r ifie d  p ro to sco le x  

m a te ria l is ,  th e re fo re , the most convenient so u rce  from which to  e x tr a c t  RNA 

fo r  subsequent cDNA s y n th e s is  and was employed in th is  study.

2.1.4.2 cDNA cloning

Having a v a ila b le  a s u ita b le  so u rce  o f  p a r a s ite  m a te ria l from 

which to  e x tr a c t  RNA, the X g t l l  lib r a r y  was con stru cted . The s t r a t e g y  used 

i s  o u tlin ed  in F igu re 2 .1. The f i r s t  s ta g e  was the sy n th e s is  o f cDNA. The 

c la s s ic a l  method o f  cDNA s y n th e s is , fo llo w in g  sy n th e s is  o f the 1 s t  stran d  by 

re v e rs e  tra n s c r ip ta s e  and the 2nd stran d  by DNA polym erase 1, u ses  s in g le ­

stran d  s p e c if ic  n u clease  SI d ig e s tio n  to  remove the 3* h airp in  loop jo in in g  

the two stran d s o f  th e cDNA m olecule (E fs tr a t ia d is  et aL, 1976). This 

procedure r e s u lt s  in the rem oval o f some o f the 3 ' cDNA sequence, 

p reven tin g  the cloning o f 'f u l l - le n g t h ' m olecules. More r e c e n tly  a technique 

has been used which does not r e ly  on SI n u clease  d ig estio n . T h is procedure 

u t i l i s e s  p a r t ia l  d ig e s tio n  o f  the RNA in th e DNA/RNA hybrid, produced by 1 s t  

stran d  sy n th e s is , by r ib o n u clea se  H to  c r e a te  fragm ents which prime the 

s y n th e s is  o f  the 2nd DNA stran d  (Watson and Jackson, 1985). T his p ro cess 

p o te n tia lly  a llo w s the s y n th e s is  and clon in g  o f fu l l- le n g t h  cDNA m olecules 

and, hence, was adopted fo r  t h is  cloning work.

Follow ing th e ir  sy n th e s is , the cDNA m olecules were p rocessed  by 

a number o f standard m olecular b io lo g ic a l  techniques, to  a llo w  th e ir  

in s e rtio n  in to  the X g t l l  ve cto r. These procedures have been d escrib ed  by 

Huynh et al (1985). In sh o rt, sm all o lig o n u c le o tid e  lin k e r  DNA sequences 

were p laced  a t the ends o f  the cDNA m olecules, which f a c i l i t a t e d  th e ir
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F ig u re  2.1 O u tlin e o f  th e E. multllocularls cDNA X g t l l  c lo n in g  s tr a te g y .
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cloning in to  the Eco R1 s i t e  o f  X g t l l ,  The recombinant DNA was then 

packaged to  form in fe c t iv e  phage p a r t ic le s , which co n stitu te d  the lib ra ry . 

These DNA sequences were introduced in to  s u ita b le  E. coll c e l l s  by v ir tu e  o f 

the in f e c t iv i t y  o f the phage, a llo w in g  exp ression  o f  the E, multilocularls 
cDNA sequences.

2.1.5 THE ISOLATION OF PUTATIVELY E. MULTHOCULAEIS-SPECIFIC ANTIGEN

GENE CLONES

2 .1.5 .1  Screening o f  th e  lib r a r y

The screen in g  procedure fo r  X g t l l  exp ression  lib r a r ie s , using 

plaques as opposed to ly so g e n ic  co lon ies, has now become w e ll e sta b lish e d  

and is  d escribed  by Huynh et al, (1985). B r ie fly , recombinant X g t l l  phage 

are p la ted  out on Ion p ro te a se  d e fic ie n t  h ost c e l ls ,  where they are  allow ed 

to  in fe c t  a s u f f ic ie n t  number o f  c e l l s  p rio r  to  induction o f e x p ressio n  by 

the ad d ition  o f IPTG. Having induced exp ressio n  o f  the fo re ig n  gene 

sequences, f3-gal fu s io n -p e p tid e s  are  sy n th esized  w ithin the E. coll host 

c e l ls  which a re  lib e ra te d  upon c e l l  ly s is .  These fu sio n -p e p tid e s  (along w ith 

oth er E. coll and X g t l l  p ro te in s) are  tra n s fe rre d  to a s o lid  support, 

u su a lly  a n itr o c e llu lo s e  f i l t e r .  T his f i l t e r  is  probed w ith antibody, which, 

i f  bound by the fu sio n -p e p tid e , can be d etected  by a second antibody. This 

can e ith e r  be r a d io a c tiv e ly  la b e lle d  or coupled to  an enzyme capable o f 

producing a colour re a ctio n  in the presence o f  a s u ita b le  s u b s tra te . This 

r e v e a ls  the lo ca tio n  on the f i l t e r  o f phage p laques which are  producing the 

d esired  fu sio n -p ep tid e . R eo rien tation  o f  the f i l t e r  to  the o r ig in a l plaque 

lawn f a c i l i t a t e s  is o la tio n  o f the re le v a n t recombinant clones.

The most im portant component o f th is  technique is  the antibody 

probe, which may be a h ig h ly - s p e c if ic  p o lyclo n a l or monoclonal antiserum  

ra ise d  to  a s in g le  p ro te in  (or one o f i t s '  ep itop es), or a p o ly s p e c if ic  

in fe c tio n  serum which co n tain s a complex m ixture o f c r o s s - r e a c t iv e  and 

s p e c if ic  an tib od ies. The type o f  antibody probe used is  d ic ta te d  by the 

o b je c tiv e s  o f the work and the c o n stra in ts  imposed by the h etero lo g o u s 

exp ressio n  o f the d esired  p ro te in  (s).
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2.1.5.2 The is o la t io n  o f  a  recom binant Em 2a a n tig e n  w ith  s p e c i f i c

antiserum

To date, only one E. multllocularls-specific an tigen  (Em 2a) has 

been id e n tif ie d  and te s te d  fo r  use as an immunodiagnostic reagen t 

(G o ttste in  et al, 1983; G o tts te in , 1985; G o tts te in  et aL, 1986 b). T his 

an tigen  has proved to  be a good candidate fo r  d iagn osis, but i t  was 

is o la te d  by c la s s ic a l  methods, which are  both time consuming and re q u ire  

the a v a i la b i l i t y  o f  w e ll c h a ra c te r is e d  E. multilocularls and E. granulosus 
p a r a s ite  m ateria l. E xpression o f  th is  an tigen  by E. coli would, th e re fo re , be 

h ig h ly  d e sira b le . In ord er to  accom plish th is , an E. multilocularls 
exp ressio n  lib r a r y  could be probed using a s p e c if ic  antiserum  r a is e d  to  

Em 2a. D espite the apparent s im p lic ity  o f  such an approach, th e ir  are  

s e v e r a l reasons why th is  s t r a t e g y  may not be e f fe c t iv e .  P rim arily , i f  an 

an tigen  i s  cloned and su b seq u en tly  exp ressed  in a p ro k aryotic  system  a s a 

fu sio n -p e p tid e , its "  a n t ig e n ic ity  may be a lte re d  to  such an e x te n t a s  to  

make i t  u n su ita b le  as a d ia g n o s tic  to o l and th is  may even render its*  

is o la t io n  from the l ib r a r y  im p ossib le. These changes could be a tt r ib u ta b le  

to  the in a b il i ty  o f  the system  to  re c r e a te  carbohydrate ep itop es, in co rre ct 

fo ld in g  and masking o f c e r ta in  e p ito p es by the fu sio n -p e p tid e  c a r r ie r  

p ro te in  or, the cloning o f  cDNA sequences which a re  not o f  f u l l  len g th  and, 

th e re fo re , do not code fo r  the com plete a n tig e n ic  peptide. Some o f  th ese  

problems could be a lle v ia te d  by th e  use o f eu k a ry o tic  exp ression  system s or 

the exp ressio n  o f  the a n tig e n s  w ithout fu sio n  to  c a r r ie r  p ro te in s, but the 

drawbacks o f th is  have been d iscu ssed  e a r lie r .  Consequently, an a lte r n a t iv e  

approach was sought which would allow  the is o la t io n  o f p u ta t iv e ly  

E. multllocularis-specific a n tig en  genes from a X g t l l  l ib r a r y  w ith out the 

need fo r  an a n t ig e n -s p e c ific  antiserum .

2 .1.5 .3  The is o la t io n  o f  p u ta t iv e ly  E. multilocularis-speciei c

recom binant a n tig e n s  by 'd i f f e r e n t ia l  scre e n in g '

The E. multllocularis-specific fu s io n -p e p tid e  a n tig en s synth ­

e size d  u sin g  X g t l l  should be ab le, when in corp orated  in to  im m unodiagnostic 

t e s t s ,  to  d if fe r e n t ia t e  between in fe c tio n  s e ra  from AE and CE p a tie n ts . The 

most d ir e c t  way, th e re fo re , o f  en surin g  the d ia g n o stic  s p e c ie s - s p e c i f ic it y
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and a n t ig e n ic ity  o f the fu s io n -p e p tid e s  would be to  id e n tify  th e  recom­

binant c lo n es using human in fe c tio n  sera . Such an approach i s  known as 

'd i f f e r e n t ia l  screen in g ' and was pioneered by S ta h l et al (1984) fo r  the 

a n a ly s is  o f  Plasmodium falciparum an tigen  genes cloned in X g t l l .  This 

approach has s in ce  been used by Knight et aL (1986), r e s u lt in g  in the 

s u c c e s s fu l is o la t io n  o f p u ta t iv e ly  s p e c ie s - s p e c if ic  Schistosoma mansonl, 
S. japonicum and S. haematobium X g t l l  cloned an tigen s. These w orkers used 

mouse in fe c tio n  sera , as opposed to  human, fo r  screen in g  purposes.

D if fe r e n t ia l screen in g  w ith  human se ra  re q u ire s  the

a v a ila b i l i t y  o f  w e ll ch a ra cte r is e d  in fe c tio n  s e ra  from p a tie n ts  s u ffe r in g  

from the d ise a s e  which is  to  be diagnosed and o th ers  w ith c lo s e ly  r e la te d  

in fe c tio n s . In regard  to  t h is  work, s e ra  from E. multllocularls and 

E. granulosus in fe c te d  p a tie n ts  were used.

A p o te n tia l drawback o f th is  approach i s  the v a r ia t io n  in 

antibody t i t r e  o f in d iv id u a l p a tie n ts  to  d if fe r e n t  p a ra s ite  a n tig en s. This 

r e s u lt s  from v a r ia tio n  in th e lo ca tio n , in t e g r i ty  and v ia b i l i t y  o f  the la r v a l 

c y s t( s )  (Schantz, 1984; Shepherd and McManus, 1987; Craig, 1988) and 

immune-complexing o f antibody w ith c ir c u la t in g  antigen  (Craig, 1986; 

Shepherd and McManus, 1987). P a tie n ts  undergoing drug therapy may a ls o  have 

a p a r t ic u la r ly  a ty p ic a l a n tig en  reco g n itio n  p r o f i le  (G o ttste in  et a l ,  1984). 

These e f f e c t s  could r e s u lt  in the is o la t io n  o f  a cloned s p e c ie s - s p e c i f ic  

an tigen  recogn ised  by a sm all number o f  in d iv id u a ls  in fe c te d  w ith 

E. multllocularls. T his would render the an tigen , i f  used alone, u n su ita b le  

fo r  use as a d ia g n o stic  reag en t. In an e f f o r t  to  overcome th is  problem, two 

pools, each c o n sis tin g  o f  s e v e r a l in d iv id u a l in fe c tio n  sera , were used fo r  

screen in g. It  was hoped th at th is  would tend to  d ilu te  out minor in d iv id u a l 

v a r ia t io n s  in antibody r e p e r to ir e  w hile m aintaining the t i t r e  o f  those 

a n tib o d ies  d irec te d  tow ards c o n s is te n tly  reco gn ised  an tigen s. P relim inary 

te s t in g  o f th e  antigen  re co g n itio n  p r o f ile  o f  in d iv id u a l sera , to g e th e r  w ith 

the a n a ly s is  o f p atien t m edical h is to r ie s  w ith regard  to  su rg e ry  and drug 

treatm ent, p rio r  to  the form ation o f serum pools, was perform ed to  fu rth e r  

reduce the p o s s ib i l i t y  o f is o la t in g  in c o n s is te n tly  recogn ised  an tigen s.

An approach, based on d i f fe r e n t ia l  screen in g, p o te n tia lly  a lso  

a llo w s s e v e r a l p u ta t iv e ly  s p e c if ic  c lon es to  be is o la te d  sim ultan eously . 

S e v e ra l s p e c ie s - s p e c i f ic  recom binant a n tig en s could be used to g e th e r  in an 

im m unodiagnostic te s t .  T his may be an im portant fa c to r  in overcom ing the
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problems o f in d iv id u a l v a r ia tio n  in antibody t i t r e  to  p a r t ic u la r  a n tig en s, 

which could low er th e  s e n s i t iv i t y  o f  c e rta in  cloned im m unodiagnostic 

reag en ts. Furtherm ore, d i f fe r e n t ia l  screen in g  a llo w s rapid , prelim in ary  

id e n tif ic a t io n  o f  p u ta t iv e ly  s p e c ie s - s p e c i f ic  a n tig en s w ithout the need fo r  

th e ir  p rio r  p u r if ic a tio n  or c h a ra c te r is a tio n  (Stahl et al, 1984).

2.1.5 .4  The con firm ation  o f  d ia g n o s tic  E. mult ilcculnrIs-specifi c i t y  o f

recom binant a n tig e n s

In ord er to  confirm  the d ia g n o stic  s p e c i f i c i t y  o f  the cloned 

a n tig en s id e n tif ie d  by d i f fe r e n t ia l  screen in g  and to  t e s t  th e ir  s u i t a b i l i t y  

a s  d ia g n o stic  re a g e n ts , they must be amenable to p re p a ra tiv e  s y n th e s is  by 

E. coll, T his can be achieved u sin g  X g t l l  by co n stru ctin g  lyso g en s o f  

E. coll w ith the recom binant phage. T his a llo w s la rg e  q u a n tit ie s  o f fu s io n -  

p ep tid e to  be produced which can then be su b jected  to  im m unological 

te s t in g . S p e c if ic it y  o f  th e cloned a n tig e n s  can be a sse sse d  by te s t in g  w ith  

p ools o f human s e r a  from d iv e rse  p a r a s it ic  in fe c tio n s . The im munodiagnostic 

p o te n tia l o f those a n tig en s which dem onstrate p u ta tiv e  s p e c ie s - s p e c i f ic it y  

can then be determ ined by e x te n s iv e  t e s t in g  w ith pan els o f  in d iv id u a l human 

in fe c tio n  se ra  from a range o f  p a r a s it ic  in fe c tio n s . T his p a r t ic u la r  asp ect 

o f  the work is  consid ered  la r g e ly  in th e  fo llo w in g  chapter.

For the reason s g iven  above, the d i f fe r e n t ia l  screen in g  o f  a 

X g t l l  E. multllocularls cDNA lib r a r y  w ith  human in fe c tio n  serum p ools was 

the approach taken fo r  the i n i t i a l  id e n tif ic a t io n  and production o f 

p u ta t iv e ly  s p e c ie s - s p e c i f ic  recom binant an tigen s.
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2.2 MATERIALS AND METHODS

2 .2.1 MATERIALS

2 . 2 . 1 . 1 Parasite m aterial

E. multilocularis was m aintained in la b o ra to ry -re a re d  co tton  

r a ts  by in tra p e r ito n e a l p assage (Lubinsky, 1960).

Crude E. multilocularis a n tig en  e x tr a c t  (EmAgA) (cotton ra t  

c y s ts )  was prepared from whole c y s t  m a te ria l by one fre e ze -th a w  cy c le , 

so n ica tio n  fo r  2 * 30 seconds a t  maximum am plitude (MSE Soniprep 150) and 

5 s tro k e s  in a dounce homogeniser.

E. granulosus sheep c y s t  f lu id  an tigen  (EgSCF) (a sp irated  from 

a b a tto ir - c o lle c te d  u n ilo cu la r  h yd atid  c y s ts )  was c la r i f ie d  by c e n tr ifu g a tio n  

a t 4 000 g fo r  15 m inutes a t 4 °C and con cen trated  in an Amicon 

u l t r a f i l t r a t io n  c e l l  (Amicon Corp., USA) over a YM2 (1 kDa c u t - o f f )  membrane.

2.2.1.2 Antisera

confirm ed French AE p a tie n ts . No c l in ic a l  inform ation was a v a ila b le  fo r  

th e se  p a tie n ts , a lthough a l l  se ra  w ere known to  be o f  high antibody t i t r e .  

The human a n ti-E . granulosus se ra  were obtained from Kenyan (9 in d iv id u a l 

se ra  and a pool), U.K. (3 in d iv id u a l s e ra )  and Spanish (a pool o f 15 se ra ) 

confirm ed CE p a tie n ts . None o f  the Kenyan p a tie n ts  had been d ru g -tre a te d  

but some had undergone su rg e ry  to  remove c y s ts . One U.K. p a tien t was known 

to  have s ta r te d  a lben d azole chemotherapy and another had undergone su rg e ry  

p rio r  to  c o lle c tio n  o f  the serum. The oth er U.K. p a tien t had a ls o  undergone 

su rg ery , but the s ta tu s  regard in g  chemotherapy was unknown. No inform ation 

regard in g  the in d iv id u a l se ra  in th e Spanish pool was a v a ila b le .

The human a n t i-  T. solium serum pool was made up from 

confirm ed, h igh t i t r e ,  c y s t ic e r c o s is  p a tien t se ra  (19 Zimbabwean and 

\ 4 Mexican sera). The human a n ti-Ascaris lumbrlcoides , a n t i-Brugia malayl, a n t i-  

Onchocerca volvulus, a n t i-Schistosoma haematobium and a n ti-S . mansonl serum 

p ools co n siste d  o f  in d iv id u a l se ra  from variou s endemic regio n s. Normal 

human serum (NHS) was a pool o f 4 s e r a  from U.K. la b o ra to ry  workers.

Human a n ti-E . multilocularis se ra  were obtained from 13
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Rabbit a n ti-E . multilocularis (EmAgA) serum was ra ise d  by 

subcutaneous in je c tio n  o f  250 fig EmAgA p ro te in  in Freunds' com plete 

adjuvant as prim ary in ocu latio n , fo llow ed , a f t e r  14 days, by a secondary 

boost in Freunds' incom plete adjuvant. Subsequent b o o ster  in o cu la tio n s o f 

5 mg p a r a s ite  p ro te in  in PBS [150 mM NaCl/16 mM Na2HP0it/4 mM NaH2P0A/ 

pH 7.3] were adm inistered a t 14 day in te r v a ls  (Johnstone and Thorpe, 1982). 

Antibody t i t r e  was te s te d  by ELISA u sin g  EgSCF as an tigen .

Mouse a n tis e r a  were ra is e d  to  n a tiv e  0 -g a l (Sigma) and 

e le c tr o e lu te d  0 -g a l fu s io n -p e p tid e s  as above using 50 jig p ro te in  fo r  each 

in o cu latio n  a t 7 day in te rv a ls . Antibody t i t r e  was te s te d  by ELISA using 

n a tiv e  0 -g a l as antigen.

P rotein  co n cen tration s were estim ated  by the Bradford method 

(Bradford, 1976).

2.2.2 METHODS

2.2.2.1 The co n stru ctio n  o f  th e  E. multilocularis X g t l l  cDNA e x p ressio n

library

2 .2 .2 .1.1  E x tra ctio n  o f  t o t a l  RNA

P rior to  a l l  procedures in vo lv in g  RNA, s tr in g e n t p recau tion s 

were taken to  remove the p o s s ib i l i t y  o f  RNA degradation  by contam inating 

rib o n u cleases. T his in vo lved  the treatm ent o f s o lu tio n s  and equipment w ith  

d ieth ylp yrocarb o n ate  (M aniatis et al.t 1982), the baking o f  g la ssw a re  fo r  

9 h at 180 °C and the w earing o f  d isp o sa b le  g lo ves.

T o ta l RNA was is o la te d  from E. multilocularis p ro to sco le ce s  

u sin g  a v a r ia tio n  o f  the method d escrib ed  by Chirgwin et al (1979). 

M etacestode m a te ria l was removed a s e p t ic a lly  from an in fe c te d  co tton  r a t  

and homogenised in a blender (2 * 10 seconds, max r.p.m). The r e s u lt in g

homogenate was s ie v e d  through a f in e  mesh by washing rep e a te d ly  w ith  

Hanks' s a lin e  to  s e p a ra te  p ro to sco le ce s  from the c y s t ic  t is s u e . Host t is s u e  

was removed from th e  p ro to sco le ce s  by d ig e stio n  a t 37 °C fo r  1 h w ith

0.5% (w/v) peps in/Hanks'/pH 2.0 fo llow ed  by fu rth e r  4 * 10 minute r in s e s  in 

Hanks' medium (McManus and Smyth, 1978; McManus and B a rre tt, 1985). The 

v ia b i l i t y  o f  p ro to sco le ce s  was m onitored throughout by ob servin g  m o tility  

under a lig h t  m icroscope. Many p ro to sco le ce s  were seen to  evagin ate , th is
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may have been accompanied by a corresponding tr a n s c r ip tio n a l a c t iv a t io n  o f 

some genes. T h erefo re, th e  r e p e r to ire  o f  mRNA p resen t in p ep sin ised  

p ro to sco le ce s  may d i f f e r  from th a t found in u n activa ted  p ro to sco le ce s  

w ith in  th e  a lv e o la r  c y s t. 1 ml a liq u o ts  o f  packed p ro to sco le ce s  were e ith e r  

s to re d  under liq u id  n itro g en  or p rocessed  im m ediately.

4-6 volum es o f  l y s i s  s o lu tio n  [5 M guanidin e th io cya n a te

(Fluka)/0.01 M e th y le n e d ia m in e te tra a ce tic  a c id  (EDTA)/0.05 M T ris-H C l pH 

7.6/5% (v/v) 2-m ercaptoethanol (2-me)] was added to  1 ml o f  p ro to sco le ce s  

in a dounce hom ogeniser and the t is s u e  was ra p id ly  d isru p te d  w ith  20 

s tro k e s  o f  the probe. The r e s u lt in g  m ixture was son icated  fo r  5 * 5 seconds 

a t maximum am plitude. The s o n ic a te  was ce n trifu g e d  a t  8 000 g fo r

20 m inutes at ambient tem perature, th e  supernatant made to  4% (w/v)

sarkosyl/0 .5  g ml-1  caesium  ch lo rid e  and la yered  onto a 1.5 ml cushion o f 

5.7 M CsCl2 /0.1 M EDTA in Beckman SW 50.1 u ltr a c e n tr ifu g e  tubes. The

g ra d ie n ts  were ce n tr ifu g e d  at 130 000 g fo r  15 h a t 20 °C in an SW 50.1

sw in g-ou t rotor. The supernatant was removed and th e RNA p e lle t  

resuspended in s t e r i le  d is t i l le d  w ater (SDW). This was e x tra c te d  w ith  an 

eq u al volume o f  butanol: chloroform  ( 4 : 1 )  fo llow ed by an e th e r  e x tra c tio n , 

any rem aining in so lu b le  m a te ria l in  the aqueous phase being removed by

c e n tr ifu g a tio n  a t  15 000 g  fo r  10 m inutes in  a m icro ce n trifu g e  (MSE). The 

RNA was eth anol p re c ip ita te d  w ith 0.3 M sodium a c e ta te  and 2.5 * v o l 

a b so lu te  eth anol a t -7 0  °C fo r  a t  le a s t  30 m inutes. C e n tr ifu g a tio n  at

15 000 g  fo r  20 m inutes a t ambient tem perature recovered  th e RNA as a

p e lle t  which was d ried  b r ie f ly  under vacuum and resuspended in SDW. The

co n cen tration  and p u r ity  was estim ated  by 0D2SO/2sor>rn absorbance read in gs 

(an OD^eonm absorbance va lu e  o f 1.0 was taken to  be e q u iva len t to  a n u cle ic  

a cid  con cen tration  o f  50 pg ml- 1 . An 0D2SOrim/0D2eOnrr. r a t io  o f  approxim ately 

2.0 was in d ic a tiv e  o f  s u f f ic ie n t  p u rity ). The y ie ld  from 1 ml o f  packed 

p ro to sco le ce s  was approxim ately  500 pg o f  RNA.

2.2.2.1.2  P a r t ia l p u r if ic a tio n  o f mRNA

This was perform ed in ord er to  reduce th e  number o f

recom binant clon es encoding ribosom al genes. One c y c le  o f  poly(A )‘+' RNA 

enrichm ent was ach ieved  u sin g  'Hybond' m essenger a f f i n i t y  paper (Amersham 

In t. code no: RPN.1513) and the co n d ition s recommended by the m anufacturer. 

50 pg o f  m essage-enriched RNA was recovered  from 500 pg o f  t o t a l  RNA.
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2.2.2.1.3  cDNA sy n th e s is

The p ro to co l and re a g e n ts  fo r  cDNA s y n th e s is  using the 

r ib o n u clea se  H method (Watson and Jackson, 1985) were sup plied  by Amersham 

In te rn a tio n a l (cDNA s y n th e s is  k it , code no: RPN. 1256). 1 pg o f  m essage-

enriched RNA was used as s u b s tr a te  fo r  the 1 s t  strand reactio n . 1 s t  stran d

sy n th e s is  by re v e rse  tr a n s c r ip ta s e  was primed using o lig o  dT. 5 pCi of

— dC-TP (Amersham In t.) was included in the reactio n , th is  allow ed 

r a d io la b e l to  become incorporated  in to  the cDNA stran d, en ablin g the 

re a c tio n  p rocess to be monitored. F ollow ing rem oval o f an a liq u o t o f the 

com pleted 1st stran d  re a c tio n  fo r  g e l  e le c tro p h o re s is , the 2nd strand 

re a c tio n  was performed. R ibonuclease H was used to  p a r t ia l ly  degrade the 

RNA w ith in  the RNA/DNA hybrid  product o f  the preceding re a ctio n . The short 

fragm ents o f undegraded RNA annealed to  the 1 s t  stran d DNA then primed the 

sy n th e s is  o f the 2nd stran d  by DNA polym erase I. 50 pCi o f Ca-3-P l dCTP, a 

10 fo ld  in crease  in the amount added to  the 1 s t  stran d  reactio n , was

included to  f a c i l i t a t e  m onitoring o f the reactio n . Follow ing 2nd strand 

sy n th e s is , an a liq u o t, eq u iva len t to  th at removed from the f i r s t  strand 

reactio n , was taken fo r  a n a ly s is . The sam ples o f 1 s t  and 2nd stran d

p roducts were e lectro p h o resed  under denaturin g condition s using an a lk a lin e  

agaro se g e l  (M aniatis et aL, 1982) and autoradiographed. The autoradiograph 

r e v e a ls , i f  the re a c tio n s  are  s u c c e s s fu l, 2nd stran d products contain ing a 

g r e a te r  amount o f ra d io la b e l r e la t iv e  to  the 1 s t  stran d products. It is  a lso  

im portant that the 1 s t  and 2nd stran d  prod ucts a re  o f equal s iz e  as th is  

en su res that no priming o f  2nd stran d  sy n th e s is  has occurred due to h airpin  

loops th at a r is e  at the 3' ends o f  the 1s t  strand DNA products. I f  th is  

occurs, the two stran d s sy n th e size d  would be joined, in cre a sin g  th e ir  s iz e  

r e la t iv e  to  the 1s t  stran d  products, and th is  d iscrepancy would be apparent 

upon e le c tro p h o re s is  (Watson and Jackson, 1985).

The double stran ded cDNA produced was 'b lun t-en d ed ' with T4 

DNA polym erase using the m anufacturers s p e c if ie d  cond ition s. The e n tire  

y ie ld  o f cDNA from 1 pg o f m essage-enriched RNA was then cloned in to  

X g t l l .

2 .2 .2 .1.4  Cloning in to  X g t l l

The p ro to co ls  and re ag e n ts  fo r  X g t l l  cloning, as described  by 

Huynh et aL (1985), were supplied  by Amersham In te rn a tio n a l (XgtlO cloning
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k it , code no: RPN.1257) and the X g t l l  v e c to r  and E. coll h ost c e l l s  were 

su p plied  by S tra ta g en e  (code no: 04 GT11).

Free n u c le o tid e s  were removed from blunt-ended cDNA products 

by repeated  ammonium a ce ta te /e th a n o l p re c ip ita tio n . M ethylation  o f cDNA 

Eco R1 r e s tr ic t io n  s i t e s ,  lin k e r lig a tio n , Eco R1 d ig estio n  and column s iz e  

fra c tio n a tio n  to remove excess, u n liga ted  lin k e rs , were perform ed as 

recommended by the m anufacturer. Linkered cDNA was lig a te d  w ith  1 pg of 

Eco R1 cut and phosphatase tre a te d  X g t l l  v e c to r  arms in a t o t a l  re a ctio n  

volume o f 5 p i and the products were packaged d ir e c t ly  In vitro to  produce 

v ia b le  phage p a r t ic le s .

D ilu tion s o f the r e s u lt in g  l ib r a r y  phage were absorbed for 

15 m inutes at 37 °C to  E. coll Y1088 p la tin g  c e l l s  and p la te d  out with 

10 mM IPTG and 0.5 mg ml-1 X gal in LB [1% (w/v) B a cto -tryp to n e  (Difco)/ 

0.5% (w/v) B a cto -yeast e x tr a c t  (Difco)/l%  (w/v) NaCl/pH 7.23 top agar 

[10 mM MgSO^/O.7% (w/v) B a cto -a g a r (Difco)/LB3 onto LB agar [1.5% (w/v)

Bacto-agar/LB3 as d escrib ed  by Huynh et al. (1985). The lib r a r y  t i t r e  and 

p ercen tage o f recom bination was determ ined by the number o f c le a r  plaques 

(recombinant phage) and b lue p laques (non-recombinant phage). The lib r a r y  

was am p lified  once using Y1088 c e l ls  (Huynh et al., 1985) p rio r to 

screen in g.

2.2.2.2 The a n a ly s is  o f  lib r a r y  phage by In situ plaque h y b rid isa tio n

w ith a cDNA probe

1st stran d  cDNA was sy n th e size d  as d escrib ed  p re v io u sly  

(sectio n  2.2.2.1.3) u sin g  0.5 pg m essage-enriched RNA as s u b s tr a te  and 

in co rp o ratin g  50 pCi [ a - 33P] dCTP ra d io iso to p e  in the re actio n . Follow ing 

com pletion o f the 1 s t  stran d  reactio n , the products were processed  as 

d escrib ed  by Cowman et al. (1984). The RNA tem plate was h yd rolysed  with 

0.3 M potassium  hydroxide. This was n e u tra lis e d  w ith 0.3 M HC1 and 

e q u ilib ra te d  w ith approxim ately  3 volumes o f  2 M Tris-H C l pH 7.5. The 

s in g le  stranded cDNA was phenol: chloroform  ( 1 : 1 )  and eth er e x tra cte d . An 

a liq u o t was taken to  determ ine a c t iv i t y  o f  the probe by t r ic h lo r o a c e t ic  acid 

(TCA) p re c ip ita tio n  (M aniatis et al., 1982). A c tiv ity  o f the probe was 

estim ated  at 2 x 10s cpm pg- 1 •

The la b e lle d  probe was used to  screen  a r e p re s e n ta tiv e  portion
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o f  the am p lified  lib r a r y  by In-sltu plaque h y b rid isa tio n  (M aniatis et al.t 
1982).

2.2.2.3 SDS-PAGE, immunoblotting and ELISA

P rotein s were sep arated  by sodium dodecyl su lp h a te - 

polyacrylam ide g e l  e le c tro p h o re s is  (SDS-PAGE) according to  Laemmli (1970) 

using a v e r t ic a l  LKB e le c tro p h o re s is  apparatus. Samples were loaded in the 

b u ffe r  described  by S tu d ie r  (1973) w ith 5 m inutes b o ilin g  p rio r  to  loading 

w ith  or w ithout 2-me, u sin g  red ucing or non-reducing cond ition s, 

r e s p e c t iv e ly .

T ran sfer o f  p ro te in s  to  n it r o c e llu lo s e  (S ch leich er and S ch u ell) 

(Towbin et alt 1979) was perform ed in a Bio-Rad tra n s fe r  c e l l  u sin g  80 mA 

o vern igh t. N o n -sp ecific  binding was blocked by incubation o f  n itr o c e llu lo s e  

s t r ip s  w ith  5% (w/v) skimmed m ilk (blotto)/PBS fo r  1 h at ambient

tem perature. Unbound prim ary and secondary antibody was removed using

3 * 10 minute washes w ith  wash s o lu tio n  [0.1% (v/v) Triton-X100/0.05% (v/v) 

Tween-20/PBS], a f in a l  wash w ith PBS alone was used p rio r  to  the ad d ition  

o f chromogenic s u b s tra te . A n tisera  and h orse rad ish  p ero xid ase (HRP) 

conjugated  secondary antibody (Sigma, 1/1000 d ilu tio n ) were d ilu te d  in 

1% (w/v) blotto/w ash  so lu tio n . Incubations w ith  prim ary antibody were at

4 °C overn igh t and th o se  w ith  secondary con ju gate  antibody were at ambient

tem perature fo r  2 h. Bound antibody was d etected  by incubation  fo r

30 m inutes at ambient tem perature w ith  DAB s u b s tra te  [0.5 mg ml-1 3, 3 '-  

diam inobenzidine tetrahydrochloride/0,003%  (w/v) hydrogen peroxide/ 

50 mM T ris-H C l pH 7.63. The co lou r re a c tio n  was term inated by washing w ith 

w ater and the n itr o c e llu lo s e  s t r ip s  were a ir  dried.

The ELISA procedure was an ad aptation  o f th at described  by

V o lle r  et al. (1978). The ELISA p la te  (Nunc Immunoplate) w e lls  were coated 

w ith  an tig en  overn igh t in carbonate b u ffe r  [50 mM NaHC03 /20 mM Na2C03] at 

4 °C. The optimum an tigen  co n cen tration  was determ ined using a

•checkerboard' t i t r a t io n  technique, va ryin g  an tigen  co n cen tration  again st 

s e r ia l  d ilu tio n s  o f antiserum . Incubation fo r  30 m inutes a t 37 °C w ith 

1% (w/v) bovine serum albumin (BSA)/PBS was used to  b lock  n o n -sp e c ific

binding s i t e s  and th e se  incubation co n d ition s were a ls o  used fo r  primary 

and secondary antibody binding. T est a n tis e r a  and HRP-conjugated second
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antibody (Sigma, 1/1000 d ilu tio n )  were d ilu te d  in 1% (w/v) BSA/0.5% (v/v) 

Tween-20/PBS and 3 * 3  minute washes w ith  0.5% (v/v) Tween-20/PBS at

ambient tem perature w ere used to  remove unbound antibody. Follow ing 

a d d itio n a l 2 > < 3  minute washes w ith PBS alone a t ambient tem perature, the 

chromogenic OPD s u b s tr a te  [0.1 mg ml- '1 orthophenylene diamine/0.003% (w/v) 

hydrogen peroxide/100 mM sodium a c e ta te / 10  mM c i t r i c  acid/pH 5.03 was added 

and incubated fo r  30 m inutes at ambient tem perature in the dark. The 

re a c tio n  was term inated by the ad d ition  o f 0.125 * v o l 4 M su lp h u ric  acid  

per w ell. Absorbance read in g s were taken a t 0DA92r,m u sin g  a Bio-Rad ELISA 

reader.

2.2.2.4 Antibody screening

Plaques were screened u sin g  a v a r ia tio n  o f the p ro to co l o f 

Huynh et aL (1985). L ib rary  phage w ere p la ted  on Y1090, Ion p ro tea se  

d e fic ie n t  host c e l ls  at the d esired  d e n sity  and incubated at 42 °C u n t i l  the 

plaques were ju s t  v is ib le  (3-4 h). N itr o c e llu lo s e  f i l t e r s  (S ch leich er and 

S ch u ell), p re v io u sly  soaked in 10 mM IPTG, were la id  over the plaque lawn 

and o rie n ta te d  w ith ink dots. The p la te s  were then incubated fo r  a fu rth e r  

2-3  h at 37 °C. F i l t e r s  were removed and placed in 5% (w/v) blotto/TBS 

[150 mM NaCl/50 mM T ris-H C l pH 8.03 to  block fo r  1 h at ambient tem perature 

and the p la te s  were s to re d  a t  4 °C. I f  r e p lic a  plaque l i f t s  were taken, a 

second IPTG soaked f i l t e r  was p o sitio n ed  on th e  p la te , o r ie n ta te d  and 

incubated  fo r  a fu r th e r  2 -3  h a t 37 °C and blocked as before.

F il te r s  were tra n s fe rre d  to  the probe antiserum  s u ita b ly  

d ilu te d  in 1% (w/v) blotto/TNT [0.05% (v/v) Tween-20/0.05% (v/v) Nonidet 

P40/TBS3, the optimum d ilu tio n  having p re v io u sly  been determ ined by 

immunob lo t  tin g, and incubated  overn igh t a t 4 °C. Unbound antibody was 

removed w ith 3 * 10 minute washes in TNT a t ambient tem perature. Follow ing 

incubation  fo r  2 h a t ambient tem perature w ith HRP-conjugated second 

antibody (Sigma, 1/1000 d ilu tio n ) in 1% (w/v) blotto/TNT, and washing as 

b e fo re  (to g eth er w ith  an a d d itio n a l f in a l  wash o f TBS alone), bound antibody 

was d e tec te d  by incubation  fo r  30 m inutes a t ambient tem perature w ith DAB 

s u b s tra te . The colour re a c tio n  was term inated by washing w ith w ater and the 

f i l t e r s  were a ir  dried.

P o sitiv e  p laques were id e n tif ie d  by r e o r ie n ta tin g  f i l t e r s  to
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the p la te s . The plaques w ere picked u sin g  s t e r i l e  P asteu r p ip e tte s , the agar 

p lu gs being placed in 1 ml o f  SM CO.01% (w/v) g e la tin /10  mM MgS0A/10 mM

T ris-H C l pH 7.5] w ith  10 p i o f  chloroform . The phage were l e f t  to  d if fu s e

in to  the b u ffe r  overn igh t a t  4 °C. Plaque p u r if ic a tio n  was ach ieved  by 

s e v e r a l c y c le s  o f  r e -s c re e n in g  u sin g  p ro g re s s iv e ly  g r e a te r  d ilu tio n s  o f 

phage u n t i l  s in g le  p laques could be is o la te d . Phage s to ck s  were made using 

the p la te  ly s a te  method (M aniatis et aLt 1982).

Sera used fo r  screen in g  w ere su b jected  to  s e v e r a l c y c le s  o f 

absorption  a g ain st lysed , X g t l l  in fe c te d  E. coll c e l l s  bound to

n itr o c e llu lo s e  f i l t e r s  p rio r  to  use, in ord er to  reduce background s ig n a l

le v e ls . These f i l t e r s  could be reused  s e v e r a l tim es by rem oving bound 

antibody w ith  s t r ip  s o lu tio n  C0.1 M g ly cin e /0 .15  M NaCl/pH 2.6] and r e ­

e q u ilib ra t in g  w ith TBS. 0.05% <w/v) sodium azid e  was added to  preabsorbed 

se ra  as a p re s e rv a tiv e  to  a llo w  the re u se  o f one batch o f serum fo r  s e v e r a l 

screen in g  cy c le s , th is  helped to  fu rth e r  d ecrease  background s ig n a l le v e ls .

S p o t- ly s is  a rra y s  o f p u r ifie d  clon es were produced by sp o ttin g

1 p i d o ts  o f  phage sto ck  onto a lawn o f  Y1090 c e l l s  co n tain in g  10 mM IPTG. 

Follow ing d iffu s io n  o f the phage in to  the lawn, the incubation o f  p la te s  and 

p ro cessin g  o f f i l t e r s  was id e n tic a l to  th a t d escrib ed  above.

2.2.2.5 The a f f in ity  p u rification  o f sp e c if ic  an ti-fu sion -p ep tid e

antibody

The procedure used was a m o d ificatio n  o f th at d escrib ed  by 

Saint et al (1986). 10e phage o f the clone o f in te r e s t  were p la ted  out 

using Y1090 c e l ls  in the presence o f 10 mM IPTG. F ollow ing grow th fo r  4 h 

at 42 °C, a n itr o c e llu lo s e  d is c  was p laced  on the lawn and, a f t e r  a fu rth e r

2 h incubation  at 37 °C, the d isc  was removed and blocked w ith  5% (w/v) 

blotto/TBS as d escrib ed  p re v io u sly . The f i l t e r  was then incubated as before  

w ith preabsorbed ra b b it anti-EmAgA serum or a preabsorbed pool o f  human 

a n ti-F . multilocularis se ra . Unbound antibody was washed o f f  as before  

fo llow ed  by a 15 minute wash in 0.1 M b o ric  acid/0.5 M NaCl/0.05% (v/v) 

Tween-20/pH 8.0 and a 15 minute wash in PBS. The rem aining bound antibody 

was re le a s e d  from the f i l t e r  by incubation  w ith s t r ip  so lu tio n  fo r  1 minute 

at ambient tem perature. The e lu a te  was c o lle c te d  and im m ediately re ­

e q u ilib ra te d  w ith 0.04 * v o l 2 M Tris-H C l pH 8.0.
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2.2.2.6 R e s tr ic tio n  d ig e s t  a n a ly s is  o f  p u ta t iv e ly  E. multllocularls-
s p e c if ic  recom binant clo n es

Mini liq u id  ly s a te s  o f recom binant phage were produced using a 

v a r ia tio n  o f  the p ro to co l provided by Amersham In tern a tio n a l. A volume o f 

phage s to ck  eq u iva len t to  107 phage was added to  0.5 ml o f Y1090 p la tin g  

c e l l s  and allow ed to adsorb fo r  15 m inutes a t 37 °C. 5 ml o f LB/5 mM CaCl2 

was added and the c u ltu r e  was incubated w ith  shaking a t 42 °C overn igh t. 

10 p i o f chloroform  was added and the c u ltu r e  was a g ita te d  fo r  a fu rth e r  

5 m inutes. The ly s a te  was ce n tr ifu g e d  a t 4 500 g fo r  10 m inutes to  remove 

b a c te r ia l  d eb ris and the sup ern atan t was removed by a sp ira tio n .

To 5 ml o f  sup ernatant was added an equal volume o f 20% (w/v) 

p o lyeth ylen eglyco l-6 0 0 0  (PEG>/2 M NaCl/SM and the m ixture was allow ed to  

in cubate fo r  1 h on ice . The PEG p re c ip ita te d  phage were c o lle c te d  by 

c e n tr ifu g a tio n  at 4 500 g fo r  20 m inutes. The p e lle t  was drained and a l l  

tra c e s  o f  PEG were removed. F ollow ing resu sp en sion  o f the p e lle t  in 750 p i 

o f LB, an equal volume o f D EA E-cellulose ®E52, Whatman), e q u ilib ra te d  in LB 

accord in g to  the Amersham p ro to co l, was added, and the suspension mixed by 

in versio n  20-30 tim es a t ambient tem perature. The DE52 re s in  was removed 

by c e n tr ifu g a tio n  at 15 000 g fo r  5 m inutes, the supernatant tra n s fe rre d  to  

a fre s h  tube and the s te p  repeated. To the supernatant was added 13 p i o f 

0.1 mg ml-1 p ro te in a se  K and 32 p i o f  10% (w/v) SDS and th is  m ixture was 

incubated a t ambient tem perature fo r  5 m inutes. 130 p i o f 3 M potassium  

a c e ta te  was added and the s o lu tio n  incubated at 88 °C fo r  20 m inutes 

fo llow ed  by coolin g  on ic e  fo r  10 m inutes. P re c ip ita te d  m a te ria l was 

removed by ce n tr ifu g a tio n  a t 15 000 g fo r  10 m inutes. The supernatant was 

tra n s fe r r e d  to  a fre s h  tube and the DNA p re c ip ita te d  a t -70  °C fo r  

10 m inutes fo llow in g  the ad d ition  o f an eq u al volume o f cold isopropanol. 

The p r e c ip ita te  was reco vered  by c e n tr ifu g a tio n  at 15 000 g  fo r  10 minutes.

The p e l le t  was drained, d ried  under vacuum and resuspended in 20 p i o f TE

Cl mM EDTA/10 mM T ris-H C l pH 8.0].

The e n tir e  y ie ld  o f  phage DNA was d ig e ste d  w ith  Eco R1 

(Amersham In t.) using th e  con d ition s recommended by th e  m anufacturer. 

F ollow ing h eatin g  o f the d ig e s t  to  70 °C fo r  10 m inutes, the r e s tr ic t io n

fragm en ts were 'e n d -la b e lle d ' w ith Ca-32P] dATP (Amersham In t.) using DNA

polym erase 1 Klenow fragm ent (M aniatis et alt 1982). The la b e lle d  products
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were run on an agaro se  g e l  (M aniatls et al, 1982) which was su b seq u en tly  

vacuum d ried  on a Bio-Rad g e l  d r ie r  a t ambient tem perature fo r  1 h and 

autoradiographed a t -7 0  °C (M aniatis et aJL, 1982).

2.2.2.7 Lysogen construction and fusion-peptide purification

Lysogens o f  recom binant c lo n es were produced (Huynh et al, 
1985) by in fe c tin g  e x p o n e n tia lly  grow ing Y1089 c e l ls  w ith  recom binant X g t l l  

phage. Lysogenic co lo n ies  were s e le c te d  according to  th e ir  tem perature 

s e n s it iv it y .

F u sio n -p ep tid es were produced (Huynh et a l ,  1985), by inducing 

e x p o n e n tia lly  grow ing ly so g en s at 42 °C fo r  20 m inutes and, fo llo w in g  the 

ad d ition  o f  IPTG to  10 mM, in cub atin g  fo r  a fu rth e r  2 h a t 37 °C. C e lls  

were h arvested  by c e n tr ifu g a t io n  a t  4 000 g fo r  5 m inutes a t  ambient 

tem perature. The p e l le t  was resuspended in 0.01 * the o r ig in a l c u ltu re

volume o f  1 mM EDTA/1 mM phen ylm eth ylsu lp h on ylfluorid e (PMSF)/PBS. One 

fre e z e -th a w  c y c le  p lu s so n ica tio n  fo r  5 x 10 seconds a t maximum am plitude 

a t 4 °C was used to  ly s e  the c e l l s  and d ecrea se  chromosomal DNA v is c o s ity .

To p u r ify  recombinant p ep tid es, crude ly s a te , eq u iva len t to  

100 ml o f  cu ltu re  volume, was loaded under reducing co n d ition s on a 7.5% 

p re p a ra tiv e  SDS-PAGE g e l. F ollow ing e le c tro p h o re s is , p ro te in  bands were 

v is u a lis e d  by p r e c ip ita tin g  unbound SDS w ith  4 M sodium a c e ta te  at ambient 

tem perature. The fu s io n -p e p tid e  band was excised  and the p ro te in  

e le c tr o e lu te d  at 100 V overn igh t u sin g  a m odified LKB tu b e -g e l apparatus 

c o n s is tin g  o f d ia ly s is  tubin g  fix e d  to  the base o f a P a steu r p ip e tte  

co n tain in g  the g e l  s l ic e .  E xten sive  d ia ly s is  a g a in st PBS a t ambient 

tem perature was used to  remove e x ce ss  SDS and the sample was concentrated  

to  a f in a l  volume o f 1 ml in a Minicon-B (Amicon) u l t r a f i l t r a t io n  c e l l  

(15 kDa c u t- o ff) .  The approxim ate y ie ld  and p u rity  o f the fu sio n -p e p tid e s  

were estim ated  by SDS-PAGE o f a liq u o ts  a lo n g sid e  known co n cen tratio n s o f 

com m ercially a v a ila b le  p -g a l (Sigma). The y ie ld  o f pure fu s io n -p e p tid e  was 

in the regio n  o f 250 pg per 100 ml o f lysogen  cu ltu re  volume. The fu sio n - 

p ep tid es  were then te s te d  by immunob lo t  t in g  and ELISA.
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2.3 RESULTS

2.3.1 THE CONSTRUCTION AND ANALYSIS OF THE X g t l l  LIBRARY

2.3 .1 .1  cDNA a n a ly s is

The q u a lity  o f the cDNA syn th esized  from E. m u l t i lo c u la r ls  

p rotosco lex  mRNA was a sse sse d  by e le c tro p h o res is  (Fig. 2 .2) prior to  

cloning. The 1st strand reaction  products (lane 1) could be v isu a lis e d  upon 

autoradiography, proving rad io lab el had been incorporated with sy n th e s is

having taken place. The incorporation o f a greater  amount o f rad io lab el in 

the 2nd strand products (lane 2) r e la t iv e  to  the 1st strand, proved that 

the 2nd strand had been syn th esized .

A band o f approxim ately 1 000 base pairs (bp) was observed  

w ithin  the 1st strand products. The most lik e ly  explanation  for th is  was 

the presence of ribosom al RNA w ithin the m essage-enriched RNA. This would 

be supported by the fact that the mRNA p u r ifica tio n  y ield ed  grea ter  le v e ls  

o f m essage than might have been expected, the discrepancy being due to the  

presence o f contam inating rRNA.

The s iz e  o f products from both reaction s was approxim ately

300-1 500 bp, the lack o f high m olecular weight 2nd strand products 

ind icated  that no 2nd strand sy n th e s is  had been primed by 3' 'hairpins' 

o r ig in a tin g  from the 1st strand reaction . The double stranded cDNA produced 

appeared to be su ita b le  for cloning.

2.3.1.2  The determ in ation  o f  th e p ercen tage  o f  recom binant phage

w ithin th e  l ib r a r y

The library  was t itr e d  by p la tin g  out phage in the presence of

the chromogenic su b stra te  Xgal and the {3-gal gene inducer IPTG. The to ta l

number of v iab le phage in  the library, blue 'non-recombinant' plaques plus  

clear  'recombinant' plaques, was estim ated  at 1.3 * 10e plaque forming u n its  

(pfu). The percentage o f recom bination, tno. recombinant plaques -r no. to ta l  

plaques] * 100, was 95% and, th erefore, the number o f recombinant phage was 

approxim ately 1.2 * 10e pfu.

This method of a s se ss in g  lib rary  com plexity can be m isleading
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Figure 2.2 Alkaline agarose g e l  e lec tr o p h o re s is  o f cDNA syn th esized  from 

protosco lex  m essage-enriched  RNA.

Lane 1, f ir s t  strand reaction  products.

Lane 2, second strand reaction  products.
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as some recombinant phage may produce a sm all amount o f blue colour (Huynh 

e t  al., 1985) and some non-recombinant phage may produce c lear  plaques i f  

the p -g a l gene has been damaged during the cloning process or by a lk a lin e  

phosphatase treatm ent o f the vector. In order to  make a more accurate  

assessm ent o f the number of phage containing cDNA in se r ts , i t  was decided  

to  screen  a number o f lib rary  phage with rad io lab elled  cDNA, as performed 

Lv K:,lwht et  al. (1SS5).

Approximately 6 * 103 phage from the am plified lib rary  were 

plated  out and in  s i t u  hybrid ised  with the cDNA probe (Fig. 2.3). 13% of  

plaques appeared to  hyb rid ise  with cDNA, in d ica tin g  that at le a s t  10* 

recombinant phage in the o r ig in a l unam plified library  contained genuine cDNA 

in ser ts .

2.3.1.3  The d eterm in ation  o f  th e  p ercen tage  o f  clon es e x p re ssin g

E. multilocularis p ep tid es

To ensure that a s ig n if ic a n t  number o f phage were capable of 

exp ressin g  fu s io n -p ep tid es  which could be recognised  by a n ti-  

E. m u l t i lo c u la r is  an tib od ies, a proportion of the library  was screened with  

rabbit anti-EmAgA serum (Fig. 2.4).

10r' phage from the am plified  library were screened with the  

serum, d ilu ted  1 in 50 (determined prev iou sly  by immunoblotting, data not 

shown), and 52 an tigen  expressing  c lon es were detected . Therefore,

approxim ately 0.05% o f lib rary  phage syn th esized  fu s io n -p ep tid es  which were 

capable o f being d etected  by an tib od ies s p e c if ic  to n a tive  p arasite  

proteins.

2.3.2 THE IDENTIFICATION OF PUTATIVELY SPECIES-SPECIFIC CLONES

2.3.2.1 The c h a ra c te r is a tio n  o f  human in fe c tio n  se ra

The ind iv idu al human an ti-E . m u lt i lo c u la r is  and a n ti-  

E. g ra n u lo su s  in fec tio n  sera , intended for d if fe r e n t ia l  screen ing o f the  

library , were f ir s t  te s te d  for antibody t i t r e  and antigen recogn ition  

p r o f ile s  by ELISA (data not shown) and immunoblotting (Fig. 2.5),

r e sp ec tiv e ly . The antibody t i t r e  for each o f th ese  sera  was determined to
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F ig u re  2.3 In situ h y b rid isa tio n  o f  am p lified  recom binant E. multilocularis 
X g t l l  lib r a r y  phage w ith s in g le  stran d ed  p ro to sco le x  cDNA.
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F lg u re  2.4 Screening o f  am p lified  recom binant E. multilocularis X g t l l  

lib r a r y  phage w ith ra b b it anti-EmAgA serum. Two an tigen  e x p re ssin g  clon es 

are  arrowed.
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F ig u re  2.5 SDS-PAGE and im m unoblotting o f  human In fe ctio n  sera .

(A) EmAgA te s te d  with: la n es 1 to  13, in d iv id u a l human a n t i-

E. multilocularls se ra  (French o rig in ); lane 14, normal human serum.

(B) EgSCF te s te d  with: la n e s 1 to  14, human a n ti-E . granulosus sera; lan es 1 

to  3, U.K. in d iv id u a l sera ; lane 4, Spanish pool; lan es 5 to  13, Kenyan 

in d iv id u a l sera ; lane 14, Kenyan pool; lane 15, normal human serum.

10 fig o f  p ro te in  was used per s t r ip  fo r  both an tigen s. P ro te in s  were 

reduced p r io r  to  e le c tro p h o re s is .
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ensure th at they were s u f f ic ie n t ly  h igh  and to  allow  ap p ro p riate  amounts o f 

each to  be included in the serum p ools used fo r  screen in g . For the ELISA, 

EgSCF was used as an tigen  as i t  was hoped that th is  e x tr a c t , le s s  crude 

than EmAgA, would help  to  overcome problem s a sso c ia te d  w ith  high background 

produced by n o n -s p e c ific  antibody binding.

T estin g  o f  in d iv id u a l anti-IT. multilocularis se ra , each d ilu te d  

to  eq u ivalen t antibody t i t r e  (using ELISA data) w ith immunoblots o f EmAgA 

(Fig. 2.5 A) showed a l l  sera , apart from number 4 (lane 4), recogn ised  the 

same major an tigen s. A ll  o f the in d iv id u a l an ti-E . granulosus sera , d ilu te d  

to  eq u iva len t antibody t i t r e  and te s te d  w ith immunoblots o f  EgSCF 

(Fig. 2.5 B), appeared to  reco g n ise  the same major a n tig en s, although some 

h ete ro g e n e ity  was observed  regard in g  the minor an tigen s.

2.3.2.2 D ifferen tia l screening with human in fection  sera

2.3.2.2.1 Human in fe c tio n  serum p ools

Using the ELISA and im m unoblotting data, p ools o f  human a n t i-  

E. multilocularis and a n ti-E . granulosus in fe c tio n  se ra  w ere co n stru cted  fo r  

d i f fe r e n t ia l  screen in g  o f the lib r a r y . A ll  o f the a n ti-E . multilocularis 
in d iv id u a l sera , excep t number 4, w ere pooled using d i f fe r in g  volumes o f 

each serum depending on th e ir  r e s p e c t iv e  antibody t i t r e s ,  in ord er to  

rep resen t each serum e q u a lly  w ith in  the pool. A ll o f  the a n ti-E . granulosus 
sera , w ithout exception , were pooled in th e  same manner.

To en sure the v a lid ity  o f  the d i f fe r e n t ia l  screen in g , probing 

w ith  eq u iva len t antibody co n cen tra tio n s in both serum p ools was n e ce ssa ry  

in order to  prevent p u ta t iv e ly  E. multllocularls-specific clon es being 

d e tec te d  as a r e s u lt  o f  low a n ti-E . granulosus serum pool antibody t i t r e .  

The optimum d ilu t io n s  o f the human a n ti-E . multilocularis and a n t i-  

E. granulosus serum p ools to  be used fo r  screen in g  were, th e re fo re , f i r s t  

determ ined by immunoblotting (Fig. 2.6). T his technique was used as i t  has 

the eq u iva len t d egree o f  s e n s i t iv i t y  as the plaque immunoassay procedure. 

D ilu tio n s o f a n ti-E . multilocularis and a n ti-E . granulosus pooled s e ra  o f 

1 in 100, 1 in  50 and 1 in 25 were te s te d  using EmAgA as antigen . The 

d ilu tio n s  which appeared to  produce eq u iva len t s ig n a l s tre n g th s  were 

1 in 100 fo r  the a n ti-E . multilocularis serum pool (lane 4) and 1 in 25 fo r  

the a n ti-E . granulosus serum pool (lane 5).
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F igu re  2.6 SDS-PAGE and im m unoblotting o f  human in fe c tio n  serum pools to 

determ ine ap p rop riate  d ilu tio n s  fo r  l ib r a r y  screen in g.

EmAgA te s te d  with:

Lane 1, normal human serum d ilu te d  1 in 25.

Lanes 2-4 , human an ti-E . multllocularis serum pool; lane 2, d ilu te d  1 in 25; 

lane 3, d ilu te d  1 in 50; lane 4, d ilu te d  1 in  100.

Lanes 5 -7 , human a n t i- E  granulosus serum pool; lane 5, d ilu te d  1 in  25; 

lane 6, d ilu te d  1 in 50; lane 7, d ilu te d  1 in  100.

10 pg o f  p ro te in  was used per s t r ip  having been reduced p rio r  to 

e le c tro p h o re s is .
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2.3.2.2.2 D if fe r e n t ia l  screen in g

I n it ia l ly ,  10e phage from th e am p lified  lib r a r y  w ere screened 

w ith the human a n ti-E . multilocularis serum pool and 364 p o s it iv e  clon es 

were d etected . These p laques were picked and pooled. The pooled phage were 

p la ted  at a d e n sity  o f approxim ately 10* and two r e p lic a  n itr o c e llu lo s e  

f i l t e r  l i f t s  were taken. The f i r s t  l i f t  was probed w ith  the a n t i-  

E. granulosus serum pool a t 1 in 25 d ilu tio n  and the second l i f t  w ith  the 

anti-IT. multilocularis serum pool a t  1 in  100 d ilu tio n . T h is was to  ensure 

th a t no lo s s  in s ig n a l would occur w ith  the a n ti-E . granulosus serum pool 

due to  lack  o f  p ro te in  tra n s fe r . The developed f i l t e r s  (data not shown) were 

compared and the clon es which appeared to  re a ct w ith  a n ti-E . multilocularis 
serum pool only, were picked. The r e p lic a  screen in g  procedure was rep eated  

a t o t a l  o f  7 tim es u n t i l  13 p u ta t iv e ly  E. multilocularis-s p e c if ic  clon es had 

been id e n tif ie d . These were then plaque p u r ifie d  and a phage sto ck  made o f  

each. The d i f fe r e n t ia l  screen  was perform ed re p ea ted ly  to  a llo w  s u f f ic ie n t  

clon es to  be is o la te d  to  compensate fo r  screen in g  a r t i f a c t s  and b ia ses.

To confirm  p u ta tiv e  E. multilocularls-specificity o f th e se  

clon es, a s p o t - ly s is  a rra y  o f  the c lo n es was made on se p a ra te  p la te s  and a 

f i l t e r  taken from each was probed, as before, w ith  the serum p ools 

(Fig. 2.7). The co lou r in te n s ity  va ried  s ig n if ic a n t ly  depending on the d egree 

o f  antibody binding and, using th is  c r ite r io n , th ree  le v e ls  o f r e a c t iv i t y  

could be observed. With the a n ti-E . multilocularis serum pool ( f i l t e r  A), a 

stro n g  s ig n a l was produced by clone 4, moderate s ig n a ls  by clon es 1, 2, 3 

and 6 and weak s ig n a ls  by clon es 5, 7, 8, 9, 10, 11, 12 and 13, e q u iva len t 

to  the background r e a c t iv i t y  o f  the X g t l l  co n tro l. With the a n t i-  

E. granulosus serum p ool ( f i l t e r  B), weak s ig n a ls  were produced by a l l  

clon es, except clone 1 and the X g t l l  co n tro l, s im ila r  to  the s ig n a ls  

produced by the X g t l l  co n tro l on the E. multilocularis f i l t e r .  The stro n g  

s ig n a ls  produced by clone 1 and X g t l l  w ith the a n ti-E . granulosus serum 

pool were probably a r t i f a c t s  produced by uneven p ro te in  tr a n s fe r  to  the 

n itr o c e llu lo s e  f i l t e r .  From th ese  d ata , th e re fo re , i t  was apparent th a t a 

s ig n if ic a n t  le v e l  o f  antibody to  c lo n es 1, 2, 3, 4 and 6 was p resen t in the 

a n ti-E . multilocularis serum pool only, in d ica tin g  th at th e se  clon es coded 

fo r  immunogenic p ep tid es which may be s p e c ie s - s p e c if ic .
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F ig u re  2.7 D if fe r e n t ia l  screen in g  o f  p u ta t iv e ly  s p e c ie s - s p e c i f ic  clone 

r e p lic a  p laque s p o t - ly s is  a rra y s  w ith  human in fe c tio n  serum pools.

F i l t e r s  were probed with:

(A) a preabsorbed pool o f  human a n ti-E . multllocularls sera .

(B) a preabsorbed pool o f  human a n ti-E . granulosus sera.

Recombinant clones a re  numbered 1 -1 3  and the X g t l l  n e g a tiv e  c o n tro l is  

arrowed.
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2.3.3 THE ANALYSIS OF PUTATIVELY SPECIES-SPECIFIC CLONES

2.3.3.1 S ib lin g  a n a ly s is

Although plaque immunoassay dem onstrated v a r ia b le  le v e ls  o f  

antibody binding, th is  was not s u f f ic ie n t  to  r e v e a l which clon es contained 

unique cDNA sequences, p a r t ic u la r ly  as the cloning o f  cDNAs o f  va ryin g  

len gth  which may rep resen t the same an tigen , could a l t e r  the a n t ig e n ic ity  

o f  the recombinant peptide. In ord er to  a s s e s s  which clon es coded fo r  the 

same or d if fe r e n t  an tig en s, s p o t - ly s is  a rra y s  o f  the p u ta t iv e ly  s p e c if ic  

clon es were probed w ith  a f f i n i t y  p u r if ie d  antibody s p e c if ic  fo r  each clone 

(Fig. 2.8). A f f in ity  p u r if ic a tio n  o f  antibody from ra b b it anti-EmAgA serum 

proved to  be p o ss ib le  only w ith  clo n es 3, 4, 9, 11 and 13. P u r ific a tio n  o f 

antibody from the human a n ti-E . multilocularls serum pool was a ls o  

attem pted fo r  th e  rem aining clo n es but th is  proved to  be u n su cce ssfu l, 

p o ss ib ly  due to  the r e la t iv e ly  low le v e ls  o f c lo n e - s p e c if ic  antibody, w ith in  

th is  serum pool.

Probing o f  the a rra y s  w ith  s p e c if ic  antibody to  clon es 3, 4, 9, 

11 and 13 showed clo n es 3 ( f i l t e r  B), 4 ( f i l t e r  C) and 13 ( f i l t e r  F) 

exp ressed  fu s io n -p e p tid e s  which may p o sse ss  unique epitop es. These clon es, 

may contain  cDNA sequences which correspond to  d if fe r e n t  p a ra s ite  an tigen s. 

Clones 9 ( f i l t e r  D) and 11 ( f i l t e r  E) appeared to  ex p ress  recombinant 

p ep tid es which p o sse ss  shared e p ito p es  and th ese  clon es may, th e re fo re , 

con tain  cDNA in s e r ts  which rep resen t the same antigen.

2.3.3.2 cDNA in s e r t  a n a ly s is

D etailed  m olecular c h a ra c te r is a tio n  o f  X g t l l  recom binants 

re q u ire s  e x c is io n  o f  the cDNA in s e r ts . In order to  e s ta b lis h  whether th is  

was p o ss ib le  w ith th e p u ta t iv e ly  s p e c if ic  clon es is o la te d  and to  a s s e s s  the 

s iz e  o f the cloned cDNA m olecules, the in s e r ts  o f  s e v e r a l c lon es were 

e x c ise d  w ith Eco R1 and v is u a lis e d  (Fig. 2.9). The clon es were chosen at 

random and numbers 4, 7, 9 and 13 were analysed. Clone 4 contained an 

in s e r t  o f approxim ately  1 000 bp (lane 2), clone 9 an in s e rt  o f  

approxim ately 500 bp (lane 4) and clo n es 7 (lane 3) and 13 (lane 5) in s e r ts  

o f  approxim ately 300 bp. The appearance o f  only one r e s tr ic t io n  fragm ent in



F ig u re  2.8 S ib lin g  a n a ly s is  o f  p u ta t iv e ly  s p e c ie s - s p e c if ic  clon es. S p o t- ly s is  

a rra y s  o f  recombinant phage were probed w ith c lo n e - s p e c if ic  a f f i n i t y  

p u r ifie d  antibody.

(A) layou t o f  array.

A rrays were probed w ith  a f f i n i t y  p u r if ie d  antibody s p e c if ic  for:

(B) clone 3.

(C) clone 4.

(D) clone 9.

(E) clone 11.
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F ig u re  2.9 cDNA in s e rt  a n a ly s is  o f  recombinant clones. Eco R1 d ig e s tio n  

products o f  phage DNA were e n d -la b e lle d  w ith  [ a - 3:2P3 dCTP, e le ctro p h o resed  

and autoradiographed.

Lane 1, n on -re  comb inant X g t l l .

Lane 2, clone 4.

Lane 3, clone 7.

Lane 4, clone 9.

Lane 5, clone 13.
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a l l  o f the lan es s u g g e s ts  th at none o f the cDNAs ex cise d  contained in te rn a l 

Eco R1 r e s tr ic t io n  s i t e s .  The a b i l i t y  to  e x c is e  the cDNA in s e r ts  proved that 

the lib r a r y  co n stru ctio n  s t r a te g y  had been s u c c e s s fu l and the presence o f a 

1 000 bp in s e r t  in clone 4 dem onstrated th a t r e la t iv e ly  la rg e  cDNA in s e r ts  

had been cloned.

2.5.3.3 F u sion -p ep tid e  production and a n a ly s is

■ Lysogens o f  a l l  13 recombinant clon es were prepared, to g e th e r  

w ith non-recom binant X g t l l .  P re p a rative  q u a n titie s  o f {3-gal and the fu sio n - 

p ep tid es were produced and a liq u o ts  o f  the crude b a c te r ia l ly s a te s  run on 

5-20% g rad ien t SDS-PAGE g e ls . Coomassie blue s ta in in g  was used to  re v e a l 

the co n stitu e n t p ro te in  bands (Fig. 2.10). 5-20% g e ls  were used in

p referen ce  to  s in g le  co n cen tration  g e ls  to  a llow  the re so lu tio n  o f  any 

p ep tid e products which may have a r ise n  from the breakdown o f  u n stab le  

fu sio n -p e p tid e s , a phenomenon p re v io u sly  d escrib ed  by Kemp et al. (1983).

The {3-gal band o f  116 kDa could be c le a r ly  seen in the X g t l l  

lysogen  lan es (lanes 8 and 17). The change in m o tility  o f th is  band in the 

recombinant lysogen  lan es was a ttr ib u ta b le  to  the in crea se  in s iz e  caused 

by the ad d ition  o f the fo re ig n  peptide. S ta b le  fu sio n -p e p tid e s , w ith M /s 

g r e a te r  than that o f p -g a l, were produced by a l l  recombinant lysogen s. The 

y ie ld  o f fu s io n -p e p tid e  appeared to  vary between clones. T his may have been 

in flu en ced  by a number o f  fa c to r s  which included the s iz e  o f the fu s io n - 

peptide, the to x ic i ty  o f the p ep tid e and i t s '  s t a b i l i t y  w ith in  E. ooli. The 

s iz e  v a r ia tio n  o f the fu sio n -p e p tid e s  produced by clones 4, 7, 9 and 13 

(lan es 5, 9, 11 and 16, r e s p e c t iv e ly )  co rre la te d  w ith the s iz e  o f  th e ir

re s p e c tiv e  cDNA in s e r ts  (Fig. 2.9).

From the s p o t - ly s is  immunoassay data (Fig. 2.7), i t  was 

apparent th a t clones 1, 2, 3, 4 and 6 coded fo r  the most immunogenic, 

p u ta t iv e ly  s p e c if ic ,  p ep tid es. T h eir corresponding lysogen s were a lso  capable 

o f sy n th e s iz in g  s u f f ic ie n t  q u a n titie s  o f  fu s io n -p e p tid e  fo r  fu rth e r  

a n a ly s is . In view o f the amount o f work th at would be requ ired  to  fu lly  

c h a ra c te r is e  a l l  f iv e  clones, i t  was decided to  i n i t i a l ly  s e le c t  two 

recom binants fo r  fu rth e r  s tu d ie s . Clone 4, d esign ated  EM4, was chosen as i t  

appeared to  sy n th e size  the most immunogenic fu sio n -p e p tid e  antigen. Of the 

m oderately immunogenic clones, number 2, d esign ated  EM2, was s e le c te d  as
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F lg u re  2.10 A n alysis  o f  lysogen  ly s a te s , a f t e r  induction  w ith  IPTG, by SDS- 

PAGE and Coomassie b lue s ta in in g . Y1089 E. coll c e l l s  were ly so g e n ise d  with: 

Lane 1, clone 1.

Lane 2, clone 2.

Lane 4, clone 3.

Lane 5, clone 4.

Lane 6, clone 5.

Lane 7, clone 6.

Lane 9, clone 7.

Lane 10, clone 8.

Lane 11, clone 9.

Lane 13, clone 10.

Lane 14, clone 11.

Lane 15, clone 12.

Lane 16, clone 13.

Lanes 8 and 17, non-recom binant \ g t l l .

Lanes 3 and 12, m olecular w eight markers.

E x tra c ts  were reduced p rio r  to  e le c tro p h o re s is .
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i t s '  fu s io n -p e p tid e  appeared to  be o f  the h ig h est Mr r e la t iv e  to  those 

produced by the oth er clon es. This su g g e ste d  the in creased  lik e lih o o d  o f a 

fu ll - le n g t h  cDNA having been cloned. In ad d ition , EM2 and EM4 did not appear 

to  be r e la te d  by s ib lin g  a n a ly s is  (Fig. 2.8).

2.3.4 THE PUTATIVE SPECIES-SPECIFICITY OF RECOMBINANT PEPTIDES

2.3.4.1 The p u rification  o f the fusion -peptides coded for by EM2 and

EM4

The use o f fu s io n -p e p tid e s  in immunodiagnostic t e s t s  such as 

ELISA re q u ire s  th e ir  i n i t i a l  p u r if ic a tio n  from E. coll ly s a te s  as a n tib o d ies  

to  E. coll are found in human se ra  (K linkert et aL, 1988). The sm all amount 

o f  recombinant pep tid e p resen t in lysogen  ly s a te s , r e la t iv e  to  E. coll 
p ro te in s, would fu rth e r  n e c e s s ita te  p u r if ic a tio n  to  prevent 'swamping' o f 

the fu sio n -p e p tid e  in ELISA a ssa ys.

V arious methods have been employed fo r  the p u r if ic a tio n  o f 

(3-gal fu s io n -p e p tid e s  from lysogen  ly s a te s  and th ese  have been review ed by 

C a r ro ll and Laughon (1987). Of the methods a v a ila b le , i t  was decided th at, 

fo r  prelim in ary  work, th e  d ir e c t, sim ple technique o f e le c tr o e lu tio n  o f 

fu s io n -p e p tid e s  from p re p a ra tiv e  SDS-PAGE g e ls  would be s u ita b le . This 

technique is  w e ll s u ite d  fo r  p u r if ic a tio n  o f  (3-gal fu s io n -p e p tid e s  as th ese 

p ro te in s  are among the la r g e s t  found w ith in  the E. coll ly s a te  and are, 

th e re fo re , sep arated  w e ll away from the m ajority  o f  E. coll p ro te in s.

The (3-gal fu s io n -p e p tid e s  produced by EM2 and EM4, d esign ated  

EM-(3galFP2 and EM-(3galFP4 r e s p e c t iv e ly , w ere p u rifie d  by e le c tr o e lu tio n  

fo llo w in g  sep a ra tio n  on 7.5% p re p a ra tiv e  SDS-PAGE g e ls  (Fig. 2 .11). The crude 

ly s a te  p ro te in  components a re  evid en t in lan es 2 (EM2) and 3 (EM4). 

EM-(JgalFP2 has an apparent o f  155 kDa, which corresponds, when compared 

to  the 116  kDa o f (3-gal (lane 1), to  approxim ately 39 kDa o f

E. multllocularls peptide. EM-(3galFP4 has an apparent s iz e  o f  162 kDa which 

corresponds to  approxim ately  46 kDa o f p a r a s ite  peptide.

The p u rity  o f  e le c tr o e lu te d  EM-(3galFP2 and EM-(3galFP4 was 

a sse sse d  by SDS-PAGE (Fig. 2 .11), lan es 4 and 5 r e s p e c tiv e ly . EM-(3galFP2 

contained no v is ib le  contam inants but EM-(3galFP4 appeared to  contain  some 

a d d itio n a l p ro te in  bands which may have been E. coll contam ination. However,
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F ig u re  2 .11  A n a ly s is  o f e le c tr o e lu tio n  p u r ifie d  EM2 and EM4 recombinant 

fu sio n -p e p tid e s , by SDS-PAGE and Coomassie blue sta in in g .

Lane 1, non-recom binant X g t l l  ly so g en  ly s a te .

Lane 2, EM2 lysogen  ly s a te .

Lane 3, EM4 lysogen  ly s a te .

Lane 4, p u r if ie d  EM-pgalFP2.

Lane 5, p u r if ie d  EM-f}galFP4.

E x tra c ts  were reduced p rio r  to  e le c tro p h o re s is . The fu sio n -p e p tid e  bands a re  

arrowed: EM~PgalFP2 ( < ) ;  EM~PgalFP4 (◄  ).
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a more probable exp lan ation  would have been the presence o f  p r o te o ly t ic  

breakdown products o f the fu sio n -p e p tid e .

2.3.4.2 The immunological sp e c ie s -sp e c if ic ity  o f EM-0galFP2 and

EM-pgalFP4

A p relim in ary experim ent, to  a s c e rta in  whether p u r ifie d  

EM-0galFP2 and EM-0galFP4 reta in ed  th e ir  p u ta tiv e  E. multilocularls- 
s p e c i f i c i t y  dem onstrated by p laque immunoassay (Fig, 2.7), was perform ed. 

The p u r if ie d  fu sio n -p e p tid e s  w ere su b jected  to SDS-PAGE and immunob lo t  tin g . 

Each was te s te d  w ith the p ools o f  human a n ti-E . multllocularls and a n t i-  

E. granulosus se ra  to  confirm  w hether a r e la t iv e ly  high le v e l  o f  antibody 

tow ards th ese  two p ep tid es was p resen t only in the a n ti-E . multilocularis 
serum pool (Fig. 2.12). The d ilu tio n  used fo r  each serum pool was th e  same 

as th at used fo r  d i f fe r e n t ia l  screen in g  (se ctio n  2.3.2.2,2). NHS (lan es 1 and

4), used a t the same d ilu tio n  a s the a n ti-E . granulosus serum pool, showed 

no s ig n if ic a n t  antibody binding. The human a n ti-E . multllocularls serum pool 

(lan es 2 and 5) produced a s tro n g  band at the expected o f both fu s io n - 

p ep tid es. A d d ition al bands o f  low er Mr were a ls o  p resen t in both ca se s , the 

most l ik e ly  explan ation  fo r  t h is  being the p r o te o ly tic  d egrad ation  o f  the 

fu sio n -p e p tid e s . The human a n ti-E . granulosus serum pool (lan es 3 and 6) 

did not appear to  re a c t  w ith  e ith e r  fu sio n -p ep tid e .

The in corp oration  o f  the p u r ifie d  fu s io n -p e p tid e s  in to  an ELISA 

assay  was attem pted, to  e s ta b lis h  whether th ey  would be com patible w ith 

th is  technique, and to a llo w  fu r th e r  assessm ent o f  the degree o f  d ia g n o stic  

s p e c ie s - s p e c i f ic it y  o f the recom binant p ep tid es. EM-(3galFP4 proved to  be 

com patible w ith  ELISA but EM-0galFP2 did not bind antibody when used w ith 

th is  technique. Pools o f human a n ti-E . multllocularls, a n ti-E . granulosus and 

a n ti-  T. solium se ra  and NHS were te s te d  by ELISA a g a in st EM-|3galFP4 

(Fig. 2.13 A) and n a tiv e  0 -g a l (Fig. 2.13 B). EM-0galFP4 bound high le v e ls  o f 

antibody on ly w ith the human a n ti-E . multllocularls serum pool. Human a n ti-  

E, granulosus and a n t i-  T. solium serum p ools produced le v e ls  o f  binding 

s im ila r  to  th at o f NHS. 0 -g a l produced a background le v e l  o f  binding w ith 

a l l  serum p ools s im ila r  to  th at o f  NHS. T able 2,1 shows the ELISA va lu es  

obtained when variou s, d iv e rs e  human in fe c tio n  serum pools were te s te d  

a g a in st EM-0galFP4 and 0 -ga l. No s ig n if ic a n t  le v e l  o f  anti-EM -0galFP4
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F igu re  2 .12  SDS-PAGE and im m unoblotting o f p u r ifie d  fu s io n -p e p tid e s  w ith  

human in fe c tio n  serum pools.

Lanes 1 to  3, EM-pgalFP2 probed w ith: lane 1, normal human serum; lan e 2,

pool o f human a n ti-£ . multllocularls sera; lane 3, pool o f  human a n t i-

£. granulosus sera .

Lanes 4 to  6, EM-f3galFP4 probed with: lane 4, normal human serum; lan e 5,

pool o f human a n ti-E . multilocularis sera; lane 6, pool o f  human a n t i-

E. granulosus sera .

2 pg o f p u r ifie d  fu sio n -p e p tid e  was used per s tr ip . P ro te in s  were reduced 

p rio r  to  e le c tro p h o re s is . The undegraded fu sio n -p e p tid e  bands a re  arrowed.
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F ig u re  2 .13  ELISA u sin g  EM~PgalFP4 (A) and 0 -g a l (B> a s  an tig en s 

<2 fig ml- 1 ) te s te d  w ith  v a rio u s human in fe c tio n  serum pools. Pool o f  human 

a n ti-E . multllocularls s e ra  (•); pool o f  human a n ti-E . granulosus se ra  <■ ); 

pool o f  human a n t i-  T. solium s e ra  (±); pool o f  normal human s e r a  (A).
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Absorbance OD 492 nm
1.80 p

B

Absorbance OD 492 nm
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TABLE 2.1

The d ia g n o stic  s p e c i f i c i t y  o f EM~3galFP4, te s te d  using d iv e rs e  human 

in fe c tio n  serum p ools in ELISA

1 in 500 pooled human A ntigen

antiserum  to: EM-B--calFP4 ____B -gal_____

E. multilocularis 1.54 (1.53, 1.55) 0.60 (0.56, 0.64)

E. granulosus 0.35 (0.34, 0.35) 0.50 (0.28, 0.72)

T. solium 0.43 (0.42, 0.44) 0.30 (0.24, 0.36)

Ascaris lumbricoides 0.61 (0.58, 0.64) 0.42 (0.36, 0.48)

Brugla malayl 0.26 (0.26, 0.26) 0.34 (0.36, 0.32)

Onchocerca volvulus 0.34 (0.37, 0.30) 0.56 (0.56, 0.56)

Schistosoma haematobium 0.27 (0.27, 0.27) 0.46 (0.44, 0.48)

Schistosoma mansonl 0.30 (0.32, 0.28) 0.50 (0.52, 0.48)

Normal Human Serum 0.37 (0.37, 0.36) 0.32 (0.36, 0.28)

F ig u res  rep resen t 0DA.32nm absorbance read in gs in an ELISA and a re  the 

means o f  the 2 d eterm in ation s g iv en  in b ra ck ets  

A n tigens were used a t 2 pg ml-1
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antibody was bound w ith  any o f  the serum p ools apart from the human a n t i-  

E. multilocularis serum pool. A ll  serum p ools produced s im ila r  le v e ls  o f 

binding to  {3-gal. S u b s ta n tia l le v e ls  o f  a n t i- p - g a l antibody were p resen t at 

low serum pool d ilu tio n  due to  the inherent human response to  p -g a l 

produced by, fo r  example, gut m icro flo ra  (K linkert et aLt 1988).

The fa ilu r e  to  in co rp o rate  e le c tr o e lu te d  EM-{3galFP2 in to  ELISA 

meant that an a lte r n a t iv e  approach had to  be taken fo r  te s t in g  o f  th is  

fu sio n -p e p tid e  w ith d iv e rse  human in fe c tio n  serum pools. The p rev io u s 

su c ce ss  o f immunob lo t  t in g  w ith th is  p ep tid e (Fig. 2 .12) made th is  the most 

obvious technique to  use. The a b i l i t y  to  d is tin g u is h  th e fu s io n -p e p tid e  from 

E. coll p ro te in s  on the b a s is  o f  Mn usin g  th is  method, elim in ated  the need 

fo r  fu sio n -p e p tid e  p u r if ic a tio n  p rio r  to  te s t in g . Crude EM2 lysogen  ly s a te  

was electrop h o resed , immunoblotted and su b jected  to  te s t in g  w ith  d iv e rs e  

human in fe c tio n  serum pools (Fig. 2 .14  A). S ig n ific a n t  antibody binding was 

only observed w ith  the human a n ti-E . multilocularis serum pool (lane 3), 

producing a band at the expected  Mr o f  EM-{3galFP2. The lo ca tio n  o f  th is  

band was confirm ed by the mouse anti-EM -PgalFP2 serum (lane 1). The 

a d d itio n a l bands observed o f low er M,, in th is  lane, were the r e s u lt  o f 

antibody binding to  E. coll p ro te in s  and fu sio n -p e p tid e  breakdown products. 

No s ig n if ic a n t  a n ti-E . coll or a n ti-(3 -g a l antibody binding was apparent at 

the d ilu tio n  used (1 in 100) in the o th er human in fe c tio n  serum pool lan es. 

To ensure that the a n ti-E . multilocularis serum pool r e a c t iv i t y  was not the 

r e s u lt  o f h igh le v e ls  o f  a n t i- p - g a l  antibody binding to  the {3-gal p ortion  o f  

the fu sio n -p e p tid e , the crude ly s a te  products o f an induced, non-recom binant 

X g t l l  lysogen  were e lectro p h o resed , immunoblotted and te s te d  as b e fo re  

(Fig. 2.14 B). The lo ca tio n  o f the p - g a l p ro te in  band was seen in the mouse 

a n t i- p - g a l  serum lane (lane 1). There was no apparent band o f  th is  in 

any o f the human serum pool lan es, confirm ing th a t the EM~PgalFP2 band 

d e tec te d  by the human a n ti-E . multilocularis serum pool was the r e s u lt  o f 

a n t i- p a r a s ite  antibody binding only.
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F ig u re  2 .14  SDS-PAGE and im m unoblotting o f  crude EM2 and X g t l l  lyso g en  

ly s a te s  w ith  d iv e rse  human in fe c tio n  serum pools.

(A) EM2 lyso g en  ly s a te .

(B) X g t l l  lysogen  ly s a te .

Lane 1 (A), mouse anti-EM-|5galFP2 serum.

Lane 1 (B), mouse a n t i- p - g a l  serum.

Lane 2 (A & B), pool o f normal human sera .

Lane 3 (A & B>, pool o f  human a n ti-E . multllocularls sera .

Lane 4 (A & B), pool o f  human a n ti-E . granulosus sera .

Lane 5 (A & B>, pool o f human a n t i-  T. solium sera .

Lane 6 (A & B), pool o f  human a n ti-A . lumbricoldes sera.

Lane 7 (A & B), pool o f  human a n ti-B . malayl sera .

Lane 8 (A & B), pool o f  human an ti-O . volvulus sera .

Lane 9 (A & B), pool o f  human a n ti-S . haematobium sera .

Lane 10 (A & B), pool o f  human a n ti-5 , mansonl sera .

50 pg o f crude e x tr a c t  was used per s tr ip . P ro te in s  were reduced p rio r  to  

e le c tro p h o re s is . The undegraded EM~PgalFP2 and 3~gal bands a re  arrowed.
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2.4 DISCUSSION

2.4.1 X g t l l  LIBRARY CONSTRUCTION AND ANALYSIS

cDNA was s u c c e s s fu lly  sy n th esized  from m essage-enriched RNA 

is o la te d  from the p ro to sco lex  l i f e - c y c le  s ta g e  o f E. m u ltllo c u la r ls .  This 

cDNA was cloned into  the E. c o li  exp ression  v e cto r  X g t l l  to  y ie ld  a gene 

lib r a r y  contain ing at le a s t  one m illion  recom binant clones. A l ib r a r y  o f  th is  

s iz e  should have contained cDNAs re p re se n tin g  most, i f  not a l l ,  genes 

expressed  by th is  l i f e - c y c le  s ta g e  (M aniatis e t  al., 1982). C o lo rim etric  

assay  showed the lib r a r y  contained 95% recombinant clones, however, cDNA 

h yb rid isa tio n  showed only 13% o f the am p lified  clon es to  contain  cDNA 

in s e rts . The la rg e  d iscrepan cy between th ese  f ig u re s  may have been the 

r e s u lt  o f the r e la t iv e ly  low s p e c if ic  a c t iv i t y  o f the probe (2 * 10* 

cpm p g '1 ). This would have allow ed d e tec tio n  by autoradiography only o f 

those clon es w ith cDNA sequences which corresponded to abundant p a r a s ite  

mRNA s p e c ie s  i.e . clones co n tain in g  cDNA m olecules corresponding to  ra re  

p a ra s ite  mRNAs went undetected. Other co n trib u to ry  fa c to r s  may have been 

the g r e a te r  in corp oration  o f la b e l in to  la r g e  cDNA m olecules and the b ias 

towards c e r ta in  clones crea ted  when the lib r a r y  was am plified. D espite the 

d iffe r e n c e  in va lu es obtained, th is  experim ent confirm ed that a la rg e  number 

o f lib r a r y  phage did contain  cDNA in s e rts .

Antibody screen in g  w ith ra b b it anti-EmAgA serum re ve a le d  0.05% 

o f am p lified  lib r a r y  phage to  be ex p ressin g  E. m u l t l lo c u la r is  p ep tid es. It 

was considered that, as the antiserum  was ra ise d  a g ain st whole p a r a s ite  

m etacestode m ateria l, a h igh er p roportion  o f clones ex p ressin g  

E. m u l t i lo c u la r is  p ep tid es should have been d etected . Numerous exp lan ation s 

could account fo r the r e s u lt  obtained, th ese  include, 1) poor s p e c if ic  

antibody t i t r e  in the probe serum to  low abundance p a ra s ite  p ro te in s  and to 

h igh ly  g ly c o s y la te d  p a r a s ite  p ro te in s  whose p ro te in  ep itop es are  masked by 

carbohydrate m oities, 2) the in a b ili ty  o f the p ro k aryo tic  exp ression  system  

to r e c r e a te  conform ational ep itop es, and 3) low le v e ls  o f exp ressio n  o f 

c e rta in  fu sio n -p e p tid e s  which were h igh ly  to x ic  to  the E. c o ll  host c e lls .

S im ilar f ig u r e s  fo r  recom bination and numbers o f  ex p ressin g  

clones have been obtained by Knight e t  al. (1986), w ith regard  to  the 

co n stru ctio n  o f adult S ch is to so m e  spp. cDNA lib r a r ie s  using com m ercially
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a v a ila b le  X g t l l .  These w orkers appeared, however, to  have obtained a h igh er 

percen tage o f ex p ressin g  clon es, d e sp ite  the fa c t  th a t th e ir  f ig u r e s  were 

derived from screen in g  w ith in fe c tio n  se ra  as opposed to  a serum ra ise d  

a g ain st t o t a l  p a r a s ite  p ro te in s. T his r e la t iv e ly  high le v e l  o f  an tigen  

exp ression  was a ls o  obtained d e sp ite  th e ir  use o f t o t a l  RNA as the 

s u b s tra te  fo r  cDNA sy n th e s is . T his s t r a te g y  would presum ably have r e s u lte d  

in the clon in g  o f a g r e a te r  number o f  n o n -a n tig en ic  ribosom al gene clones. 

P o ssib le  reason s fo r  the g r e a te r  le v e ls  o f  an tig en  gene e x p ressio n  achieved 

by th is  group are, 1) s ig n if ic a n t ly ,  as they make no mention o f  am p lify in g  

th e ir  l ib r a r ie s  p rio r  to  screen in g , i t  must be assumed th a t th e ir  data 

re la te d  to  unam plified l ib r a r ie s , 2) th ere  may be a h igh er le v e l  o f  a n tig e n ­

encoding mRNAs w ith in  the sch istosom e ad u lt l i f e - c y c le  s ta g e , compared w ith 

the p ro to sco le x  o f E. multllocularls, 3) th ere  may have been v a r ia tio n  in 

cDNA s y n th e s is  and clon in g  e f f ic ie n c y  i.e . sm all cDNA m olecules would have 

been cloned w ith  g r e a te r  e f f ic ie n c y , 4) v a r ia tio n  in the number o f d is t in c t  

an tigen s p o ssessed  by the r e s p e c t iv e  p a r a s ite  l i f e - c y c le  s ta g e s , and

5) q u a lity  and s p e c i f ic i t y  o f  the antiserum  used fo r  screening.

2.4.2 HUMAN INFECTION SERA

Immunob lo t  t in g  a n a ly s is  o f  th e in d iv id u a l human a n t i-

E. multilocularis and a n ti-E . granulosus in fe c tio n  se ra  intended fo r  

screen in g, produced r e s u lt s  c o n s is te n t w ith  p rev io u s fin d in gs.

The work o f  L in gelbach  and Hinz (1984), where the serum from 

one AE p a tie n t was te s te d  by immunob lo t  t in g  a g a in st E. multllocularls 
m etacestode an tig en s, re ve a le d  major bands a t approxim ate Mr s o f >94, 87, 

86, 80, 70, 67, 61, 55, 44, 42, 41, 39, 38, 37, 36, 27 and 20 kDa. None o f the 

human a n ti-E . multllocularls in fe c tio n  se ra  te s te d , produced a major 94 kDa 

band but a very  weak s ig n a l at th is  approxim ate Mr was, however, produced 

by four sera . The 87 and 86 kDa bands were produced by a l l  se ra , but the 

80 and 70 kDa a n tig en s were on ly recogn ised  by seven sera . Four se ra  

produced a s tro n g  s ig n a l in  the regio n  o f  the 67 kDa antigen. S e v e ra l weak 

bands were produced by most se ra  in the regio n  o f the 61 and 55 kDa 

an tigen s. D is tin c t  bands corresponding to  the 44, 42 and 41 kDa a n tig en s 

were observed w ith  a l l  se ra , except fo r  serum number 4. C onversely, a 

stron g  39 kDa band was produced by th is  serum alone. Minor bands in the 38,
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37 and 36 kDa reg io n s could be seen  in most serum lanes, but th ey  were 

q u ite  d is t in c t  w ith  serum number 7. The le v e l  o f antibody s p e c if ic  to  the 

27 and 20 kDa a n tig en s appeared to  be h ig h ly  v a r ia b le  among th e se ra  

teste d . Four se ra  produced a major 27 kDa band, th e rem ainder producing 

e ith e r  a weak or n e g a tiv e  respon se a t th is  Mn. F ive  s e ra  produced a major 

20 kDa band, the remainder producing no d e te c ta b le  response at th is  Mn.

G enerally , most o f th e  a n ti-E . multllocularls se ra  te s te d  

produced a n tig en  reco g n itio n  p r o f i le s  which co rre la te d  w e ll w ith  p revio u s 

fin d in gs and could, th e re fo re , be used fo r  screen in g . Serum number 4 was 

the only one to  d e v ia te  s ig n if ic a n t ly ,  producing a la r g e ly  unique an tigen  

reco g n itio n  p r o file . The reason  fo r  th is  may have been chem otherapeutic 

treatm ent o f  th is  p a tien t, the serum was not, th e re fo re , used. The 

in d iv id u a l minor d iscre p a n cie s  apparent in the rem aining sera  h ig h lig h te d  

the la rg e  d egree o f v a r ia b il i t y  in s p e c if ic  antibody t i t r e  th a t can occur 

between d if fe r e n t  p a tie n ts  in fe c te d  w ith the same p a ra s ite . In co n siste n cie s  

between th is  data and th at obtained p re v io u sly  could have re s u lte d  from 

d iffe r e n c e s  in the experim ental system s used and any s t r a in - r e la t e d  

d iffe r e n c e s  in the p a r a s ite  m a te ria l used as the an tigen  source. It  i s  now 

w e ll recogn ised  th at E. granulosus e x is t s  as a complex o f g e n e t ic a lly  

d is t in c t  s t r a in s  (McManus and Smyth, 1986) and E. multilocularls from 

Europe, A laska and c e n tr a l North America has been shown to  d i f f e r  in  a 

v a r ie ty  o f  c h a r a c te r is t ic s  such as morphology, p ath o g en ic ity , developm ental 

c h a r a c te r is t ic s  and host s p e c i f i c i t y  (Thompson, 1986). However, g e n e tic  

v a r ia tio n  has y e t  to  be rep o rted  fo r  E. multllocularls.
Of the in d iv id u a l human a n ti-E . granulosus in fe c tio n  se ra  

te s te d , a l l  produced the an tig en  re co g n itio n  p r o f i le  th at had been rep o rted  

by the two independent la b o r a to r ie s , G o tts te in  et aL (1987 b) and Shepherd 

and McManus (1987). Both groups te s te d  human a n ti-E . granulosus in fe c tio n  

se ra  w ith immunoblotted sheep h yd atid  f lu id  an tigen . The r e s u lt in g  an tigen  

re co g n itio n  p r o f ile ,  in both ca se s, co n sisted  o f  major bands at' 67, 55, 41, 

38, 26, 20, 16 and 12 kDa. Shepherd and McManus (1987) have su g g e ste d  th at 

the 20, 16 and 12 kDa components a re  the su b u n its  o f  an tigen  B and the 20 

and 38 kDa components are the su b u n its  o f an tigen  5. Antigen B was shown 

to  be E. granulosus- s p e c if ic  by th ese  workers, making i t  a p o te n tia l 

candidate fo r  the immunodiagnosis o f  CE. The co n sis te n t an tigen  reco g n itio n  

p r o f i le s  o f the human a n ti-E . granulosus se ra  enabled a l l  o f  them to  be
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used fo r  screen in g.

Follow ing p oolin g o f  the in d iv id u a l human in fe c tio n  se ra , both 

a n ti-E . multllocularis and a n ti-E . granulosus serum p ools were te s te d  by 

immunoblotting w ith EmAgA to  a s c e r ta in  the ap p rop riate  d ilu tio n  o f  each 

serum pool fo r  screen in g. From the in t e n s it ie s  o f  the bands i t  could be 

seen th at s ig n a ls  o f e q u iva len t s tre n g th  were obtained w ith th e  a n t i-  

E. multllocularls serum pool d ilu te d  1 in 100 and the a n ti-E . granulosus 
serum pool d ilu te d  1 in 25. T his d iscrepan cy su b sta n tia te d  p reviou s fin d in g s  

th at a g e n e ra lly  low er immune response is  produced by CE p a tie n ts  r e la t iv e  

to  AE p a tie n ts  (Schantz and G o tts te in , 1986; C raig, 1988). C r o s s - re a c t iv e  

an tigen s, not recogn ised  by NHS, o f  88, 70, 68, 55, 27 and 12 kDa were 

v is ib le  at th e se  serum d ilu tio n s . L ingelbach and Hinz (1984) found u sin g  a 

s im ila r  approach, a n tig en s o f the same M ŝ to  be c r o s s -r e a c tiv e . They a ls o  

found, however, th a t the 39, 37, 36 and 20 kDa E. multllocularls a n tig e n s 

dem onstrated c r o s s - r e a c t iv i t y  w ith  a pool o f  human a n ti-E . granulosus 
in fe c tio n  sera . T his was not confirm ed fo r  one or more o f the fo llo w in g  

p o ssib le  reasons, 1) v a r ia tio n  in experim en tal technique and an tigen  source,

2) low antibody t i t r e  o f  in fe c tio n  sera , and 3) d iffe r e n c e s  in p a tie n t 

immune response producing v a r ia b le  an tigen  reco g n itio n . From the immunoblot 

data obtained in th is  study, p u ta t iv e ly  E. multllocularls-specific a n tig e n s 

o f  44, 42, 41, 20 and 16 kDa could be seen. P u ta t iv e ly  E. multllocularls- 
s p e c if ic  an tig en s o f 42, 41 and 39 kDa were re v e a le d  by the work o f 

Lingelbach and Hinz (1984). The a b i l i t y  o f  the serum pools, a t  the 

ap p rop riate  d ilu tio n s , to  re co g n ise  p re v io u sly  documented conserved and 

unique E. multllocularls a n tig en s e s ta b lis h e d  th e ir  s u i t a b i l i t y  fo r  lib r a r y  

screening.

2.4.3 DIFFERENTIAL SCREENING

The d i f fe r e n t ia l  screen in g  technique was used by S ta h l et al. 
(1984) to  is o la t e  \ g tll-a m p 3  Plasmodium falciparum recombinant cDNA clon es 

which coded fo r  the S an tigen  o f s tr a in  FC27. Human in fe c tio n  s e ra  w ith 

p o s it iv e  or n e g a tiv e  r e a c t iv i t y  to  th is  an tigen  were used to  d i f fe r e n t ia l ly  

screen  ly so g e n ic  co lon ies, bound antibody being d e tec te d  by 12 e I - la b e lle d  

p ro te in  A. These w orkers found la rg e  v a r ia tio n s  in the co n siste n cy  o f 

recombinant an tig en  reco g n itio n , which re s u lte d  from numerous fa c to r s . These
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included the screen in g  con d ition s, th e  d ilu tio n  o f the a n tise ra , the antibody 

t i t r e  o f  a n tis e r a  w ith regard  to  o th er an tig en s and the re v e rs io n  o f  some 

ly so g e n ic  co lo n ie s  to  non-producing mutants. D espite  th ese  problems, by 

e x te n siv e  op tim isa tio n  o f  the a ssa y  procedure, th e se  workers s u c c e s s fu lly  

is o la te d  clo n es encoding the S an tigen  w ithout the p rio r  need fo r  

p u r if ic a tio n  o f  the n a tiv e  an tig en  or production o f  s p e c if ic  a n ti-S  an tigen  

serum by con ven tion al methods.

A v a r ia tio n  o f th is  approach has been used by Knight et aL
(1986) to  is o la t e  s p e c ie s - s p e c if ic  5. mansonl and S. japonicum X g t l l  cDNA 

clones. These workers d i f f e r e n t ia l ly  screened plaques, as opposed to  

ly so g e n ic  co lo n ies, using mouse a n ti-S . mansoni and a n ti-S . japonicum 
in fe c tio n  s e ra  and d etected  bound antibody using HRP-conjugated second 

antibody. They s u c c e s s fu lly  id e n tif ie d  6 p u ta t iv e ly  s p e c if ic  S. mansonl 
clones and 4 p u ta t iv e ly  s p e c if ic  S. Japonicum clon es usin g  th is  procedure.

For the present stu d y, i t  was hoped th at by u sin g  plaque 

in stead  o f colony immunoassay, th at the problems a sso c ia te d  w ith h igh  a n t i-  

E. coll background could be avoided, to g e th e r  w ith the problem o f  lo s s  o f  

ex p ressin g  co lo n ie s  due to m utation. The use o f  le s s  s e n s it iv e  HRP- 

conjugated second antibody, as opposed to  ra d io la b e lle d  p ro te in  A, should, i t  

was hoped, a ls o  d ecrease the lik e lih o o d  o f ambiguous s ig n a ls  being 

generated. A g r e a t  d eal o f work would have been required  to  t e s t  a l l  

a n tig e n ic  c lo n es w ith a range o f in d iv id u a l p a tien t se ra  to  determ ine th e ir  

p u ta tiv e  s p e c ie s - s p e c i f ic it y .  For t h is  reason, d i f fe r e n t ia l  screen in g  o f 

p laques w ith human serum p ools was adopted as a prelim in ary  screen  to  

id e n tify  p o te n tia lly  E. multllocularls-specific clones. These were then 

fu rth e r  ch a ra cte r is e d  u sin g  pooled and in d iv id u a l in fe c tio n  se ra , by 

standard im m unological techn iques, to  e s ta b lis h  th e ir  f u l l  immunodiagnostic 

p o te n tia l.

The d i f fe r e n t ia l  screen in g  approach r e s u lte d  in the id e n t if ­

ica tio n , a t the imm unological le v e l, o f  13 p u ta t iv e ly  E. multllocularls- 
specific clon es. Antibody binding r e a c t iv i t y  o f the 13 clon es was confirm ed 

using a s p o t - ly s is  technique. T his dem onstrated th at th ree  le v e ls  o f 

r e a c t iv i t y  were rep resen ted  w ith in  the 13 clones. With the a n t i-  

E. multilocularis serum pool, the s tro n g e st s ig n a l was produced by one 

clone, m oderate s ig n a ls  by fo u r c lo n es and weak s ig n a ls  (equ ivalen t to  the 

background r e a c t iv i t y  o f X g t l l )  by the rem aining e ig h t clones. With the



-  89  -

a n ti-if. granulosus serum pool, 12 c lon es produced weak s ig n a ls  eq u iva len t 

to  that o f X g t l l  and one clone a stron g  s ig n a l th a t was thought to  be 

a r te fa c tu a l. F ive immunodominant, p u ta t iv e ly  E. multilocularis- s p e c if ic

clones were, th e re fo re , id e n tifie d .

2.4.4 THE ANALYSIS OF PUTATIVELY SPECIFIC CLONES

S ib lin g  a n a ly s is  showed that 5 o f the 13 clones might

rep resen t 4 d if fe r e n t  an tigen  genes. A bsolute confirm ation  o f th is  was not 

obtained using th is  technique, however, as d if fe r e n t  fragm ents o f the same 

an tigen  gene could have been p resen t in s e v e r a l clones. These clon es may

have appeared to  be unique by immunoassay but each may have been

ex p ressin g  a d if fe r e n t  s e t  o f e p ito p es on the same n a tiv e  antigen . The

p ro b a b ility  o f th is  being the case  would have been sm all, however, as the 

clones would have contained the same 3' end o f the an tigen  gene but the

len gth  o f the fragm ents may have va ried  depending on the e f f ic ie n c y  o f  the 

o r ig in a l cDNA sy n th e s is  reactio n . T his would have produced varying d egrees 

o f r e a c t iv it y ,  as opposed to  an 'a l l  or nothing' response.

In sert a n a ly s is  dem onstrated that cDNA m olecules could be 

ex cised  from clones, in d ica tin g  th a t no damage to the Eco R1 cloning s i t e  

had occurred during lib r a r y  co n stru ctio n . The in se rt  s iz e s  proved that cDNA 

sequences from approxim ately 300 bp to at le a s t  1 000 bp had been cloned.

2.4.5 FUSION-PEPTIDE ANALYSIS

A ll 13 p u ta t iv e ly  s p e c if ic  clon es sy n th esized  fu sio n -p e p tid e s

w ith Mv.s g r e a te r  than th at o f p -g a l, ranging from the sm a llest produced by 

clone 1 to the la r g e s t  produced by clone 4. No d egrad ation  was observed as 

reported  fo r  c e rta in  P. falciparum [3-gal fu sio n s (Kemp et al, 1933).

By v ir tu e  o f i t s '  a n t ig e n ic ity , the fu sio n -p e p tid e  (EM-[3galFP4) 

produced by clone 4 (EM4) was chosen fo r  fu rth e r  a n a ly s is . A second clone, 

clone 2 (EM2), was a ls o  s e le c te d  fo r  fu rth e r  stud y from the m oderately

immunogenic clon es (numbers 1, 2, 3 and 6), on the b a s is  o f the r e la t iv e ly  

la rg e  s iz e  o f i t s '  fu s io n -p e p tid e  (EM-[3galFP2). S ib lin g  a n a ly s is  showed th ese  

clon es were probably not re la te d .

ELISA was used as the b a s is  fo r  immunodiagnosis. This
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technique had proved s u c c e s s fu l in  conjunction w ith the E. multllocularls- 
s p e c if ic  n a tiv e  a n tig en  Em 2a, id e n tif ie d , ch a ra cte r is e d  and te s te d  by 

G o tts te in  et aL (1983) and G o tts te in  (1985). To f a c i l i t a t e  te s t in g  o f 

EM-pgalFP2 and EM-pgalFP4 by ELISA, th e se  fu s io n -p e p tid e s  had f i r s t  to  be 

p u r ifie d  from E. coll p ro te in s. E le c tro e lu tio n  from SDS-PAGE g e ls  has been 

shown to  be a rapid, sim ple techn ique f a c i l i t a t in g  fu s io n -p e p tid e  

p u r if ic a tio n  w ith l i t t l e  E. coll p ro te in  contam ination (C a rro ll and Laughon, 

1987). Recombinant Brugla pahangi 0 -g a l fu s io n -p e p tid e  a n tig en s p u r ifie d  in 

th is  manner have been s u c c e s s fu lly  used w ith ELISA (S elk irk  et al.t 1986; 

1987). EM-0galFP2 and EM-0galFP4 were p u r ifie d  u sin g  th is  technique and 

th e ir  p u ta tiv e  E. multllocularls-specificity appeared to  be re ta in ed  when 

te s te d  by immunob lo t  t in g  w ith human a n ti-E . multilocularis and a n t i-  

E. granulosus in fe c tio n  serum pools.

EM~PgalFP4 was in corp orated  in to  ELISA and appeared to  r e ta in  

p u ta tiv e  E. multllocularls-specificity when te s te d  w ith a range o f human 

in fe c tio n  serum pools. EM-0galFP2 could not be in corp orated  s u c c e s s fu lly  

in to  ELISA, p o ss ib ly  because o f i t s '  r e la t iv e ly  weak a n t ig e n ic ity  combined 

w ith  in e f f ic ie n t  binding to  the ELISA p la te  in the presence o f  r e s id u a l SDS. 

Immunoblotting was used to  a s s e s s  i t s '  p u ta tiv e  E. multllocularls- 
specificity w ith human in fe c tio n  serum pools. This technique had been used 

by B la x te r  et al. (1988) and V ogel et aL (1988) to  id e n tify  p o te n tia lly  

immunodiagnostic Lelshmanla donovanl and E. multilocularis recombinant 0 -g a l 

fu s io n -p e p tid e  a n tig en s, r e s p e c tiv e ly . A s ig n if ic a n t  le v e l  o f  antibody 

d ire c te d  towards EM-0galFP2 was only present in the human a n t i-  

E. multilocularis in fe c tio n  serum pool.
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CHAPTER 3

3 THE DEVELOPMENT OF EM2 AND EM4 CLONED ANTIGENS FOR

IMMUNODIAGNOSIS

3.1 INTRODUCTION

3 .1 .1  DIAGNOSTIC ANTIGENS

A ntigens which are  s u ita b le  fo r  immunodiagnostic use must 

s a t i s f y  ce r ta in  c r i te r ia .  These can be summarised as fo llo w s: 1) The an tigen  

must be s p e c ie s - s p e c if ic  to  e lim in a te  c r o s s - r e a c t iv ity ,  which could lead  to  

a fa ls e - p o s it iv e  d ia gn o sis , 2) The a n tig en  must dem onstrate high s e n s i t iv i t y  

whereby i t  must be recogn ised  by, id e a lly , a l l  in fe c tio n  sera , e lim in a tin g  

the p o s s ib i l i t y  o f fa ls e - n e g a t iv e  re a c tio n s , 3) The an tigen  should s tim u la te  

a h ost immune response ra p id ly  fo llo w in g  in fe c tio n  and th is  response should 

be su sta in e d  throughout the course o f  in fe c tio n . This would f a c i l i t a t e  e a r ly  

d ia gn o sis , a llo w in g ap p rop riate  a ctio n  to  be taken p rio r  to  the onset o f 

com plication s brought about by prolonged grow th o f the p a ra s ite , and would 

a ls o  a llo w  m onitoring o f  the cond ition  fo llo w in g  treatm ent, 4> The an tigen  

should be com patible w ith  sim ple and s e n s it iv e  imm unological a ssa y s  such as 

ELISA, and 5) The an tigen  must be amenable to  p u r if ic a tio n  in bulk 

q u a n tit ie s  by sim ple, in expen sive  procedures, to  y ie ld  la r g e  q u a n titie s  o f 

pure, w e ll ch a ra cte r is e d  reagen t.

3.1.2  THE DIAGNOSTIC POTENTIAL OF CLONED ANTIGENS

The d ia g n o s tic  an tigen  Em 2a, is o la te d  by G o tts te in  et aL 
(1983) and ch a ra cte r is e d  by G o tts te in  (1985), has been shown to  dem onstrate 

a high le v e l  o f s p e c ie s - s p e c i f ic it y  and s e n s i t iv i t y  (both approxim ately 95%) 

when used in a d ia g n o stic  ELISA t e s t  (G o ttste in  et aL, 1987 a). This 

an tigen , th e re fo re , s a t i s f i e s  s e v e r a l o f the c r i t e r ia  mentioned above.

The immunodiagnostic p o te n tia l o f th is  an tigen  was unknown 

fo llo w in g  i t s  o r ig in a l is o la tio n , although, by v ir tu e  o f  th e  p u r if ic a tio n  

procedure employed, i t  was known to  be a p u ta t iv e ly  s p e c if ic  m olecule. I t 's  

d ia g n o s tic  e f f ic a c y  had, th e re fo re , to  be eva lu ated  by e x te n s iv e  te s t in g
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w ith  human in fe c tio n  se ra  from v a rio u s confirm ed p a r a s it ic  d is e a s e  p a tien ts . 

T his ev a lu a tio n  proved th is  an tigen  to  dem onstrate high s p e c i f i c i t y  and 

s e n s i t iv it y ,  making i t  a good candidate fo r  d iagn osis.

The major drawback a s s o c ia te d  w ith  th is  an tigen  r e la t e s  to  i t s  

production. C la s s ic a l a f f i n i t y  chrom atography, used to  p u r ify  th is  antigen  

(G o ttste in  et al, 1983), although amenable to  la rg e  s c a le  production, would 

re q u ire  constant m onitoring to  ensure co n siste n t le v e ls  o f  p u rity . A 

con stan t supply o f  la r g e  amounts o f  w e ll ch a ra cte r is e d  E. multilocularis 
m a te ria l would a ls o  be required .

Cloned a n tig e n s can la r g e ly  circum vent the problems a sso c ia te d  

w ith production but ex p ressio n  in h etero lo g o u s system s can r e s u lt  in 

a lte r e d  a n tig e n ic ity  which, in turn, can a f f e c t  s p e c i f ic i t y  and s e n s it iv it y .  

C a rrie r  p ro te in s  fused  to  an tigen s, in the case  o f fu s io n -p e p tid e s , can a lso  

co n fer u n d esirab le  c h a r a c te r is t ic s  to  exp ressed  p ep tid es when they are  used 

in im m unological a ssa ys. These problem s prompted our d ecis io n  not to

attem pt to  clone the gene corresponding to  Em 2a. Consequently, the 

im m unodiagnostic va lu e o f any p u ta t iv e ly  s p e c if ic  cloned a n tig en s iso la te d , 

would re q u ire  assessm ent. In ad d ition , even i f  an an tigen  clone

corresponding to Em 2a w ere is o la te d , th is  recombinant an tigen  would s t i l l  

re q u ire  e x te n s iv e  d ia g n o s tic  e v a lu a tio n  on account o f the changes th at may 

have taken p lace in the h ete ro lo g o u s exp ressio n  system .

The te s t in g  o f  any cloned a n tig en s intended fo r  use in

immunodiagnosis would, th e re fo re , have to  be ca rrie d  out using the same 

s t r a t e g y  as that employed fo r  the c la s s ic a l ly  p u r ifie d  Em 2a antigen. The 

d ia g n o s tic  p o te n tia l o f  th e  two p u ta t iv e ly  s p e c if ic  recombinant clon es EM2 

and EM4, was a sse sse d  usin g  th is  approach and was made fe a s ib le  because o f 

the a v a i la b i l i t y  o f a la r g e  number o f ch a ra cte r is e d  human sera . Recently, 

th is  s t r a te g y  has been used to  confirm  the d ia g n o stic  p o te n tia l o f  cloned 

a n tig e n s  o f Leishmania donovanl (B laxter et al., 1988) and E. multllocularis 
(Vogel et al, 1988).

3 .1.3  THE USE OF Xgt 11 RECOMBINANT ANTIGENS FOR DIAGNOSIS

R e la tiv e ly  l i t t l e  work has been performed, to  date, regard in g  

the d ir e c t  a p p lica tio n  o f  recombinant a n tig e n s  to im m unodiagnostic te s ts . 

Recent s tu d ie s  by B la x te r  et al (1988) and V ogel et al (1988) have used
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iramunoblotting in conjunction w ith  (3-gal fu s io n -p e p tid e s , sy n th e size d  by 

X g t l l  recom binants, as the b a s is  fo r  te s t in g  p o te n tia lly  d ia g n o stic  an tig en s 

w ith human in fe c tio n  se ra . S e lk irk  et aL (1987) have s u c c e s s fu lly  used a 

p u rifie d  Brugia pahangl (3-gal fu s io n -p e p tid e  an tigen  in ELISA, to 

dem onstrate v a r ia tio n s  in antibody t i t r e  w ith d if fe r in g  c l in ic a l  cond ition s. 

One group o f workers have su g g e ste d  th at d ia g n o stic  S. mansonl (3-gal

fu sio n -p e p tid e s  would not be s u ita b le  fo r  th is  type o f assay  (K linkert et 
al, 1988), the major reason being the p resence o f c r o s s -r e a c tin g  a n ti-|3 -g a l 

an tib o d ies w ithin  human sera , which would re q u ire  rem oval by preabsorption , 

p rio r to  te s tin g .

The le v e l  o f s y n th e s is  o f fu s io n -p e p tid e s  by X g t l l  ly so g e n s is  

g e n e ra lly  lower than th at achieved  using plasm id exp ression  system s

(Shatzman and Rosenberg, 1987). Also, the p u r if ic a tio n  o f th ese  p ep tid es 

from lysogen  ly s a te s  can o fte n  be d i f f i c u l t  as a r e s u lt  o f in s o lu b il ity

problems crea ted  by the p resen ce o f the la rg e  (3-gal c a r r ie r  p ro te in  (B itte r,

1987). The lack  o f a convenient method whereby la r g e  q u a n titie s  o f  non- 

denatured fu sio n -p ep tid e , com pletely  fr e e  o f E. coll contam inants, can be 

obtained, is  a s ig n if ic a n t  drawback. The m ajority  o f (3-gal fu s io n -p e p tid e  

p u r if ic a tio n  procedures, review ed by C a rro ll and Laughon (1987), r e s u lt  in 

den aturation  o f the product. This may have d e le te r io u s  a f fe c t s  upon the 

a n tig e n ic ity  o f recombinant p ep tid es as secondary s tr u c tu r e  ep ito p es would 

be lo s t , reducing th e ir  e f f ic a c y  as immunodiagnostic reagen ts.

Gel f i l t r a t io n  chrom atography is  a procedure which en ab les the 

e f fe c t iv e  p u r ific a tio n  o f so lu b le , non-denatured (3-gal fu s io n -p e p tid e

(C arro ll and Laughon, 1987). T his technique tak es advantage o f the la rg e  

s iz e  o f (3-gal fu s io n -p e p tid e s  to  f a c i l i t a t e  th e ir  p u r ific a tio n  from sm aller 

E. coli p ro te in s. The fu s io n -p e p tid e s  must, however, be so lu b le  in aqueous

so lu tio n . This is  not alw ays the case, on account o f high Mr and the nature

o f the fo re ig n  peptide. Should the recombinant p ep tid e prove to  be so lu b le , 

however, th is  technique w i l l  a llow  i t s  p u r if ic a tio n  from the m ajo rity  o f 

E. coli p ro te in s, although, some contam ination is  o ften  apparent. This

technique a llo w s secondary s tr u c tu r e  ep ito p es to  be m aintained, p o ss ib ly  

enhancing the d ia g n o stic  p ro p e rtie s  o f fu s io n -p e p tid e  an tigen s. A lso, SDS is  

not used in the p u r if ic a tio n  p ro cess, and th is  may a l le v ia t e  the ELISA p la te  

binding problem a sso c ia te d  w ith EM-(3galFP2. Problems r e la tin g  to  y ie ld  and 

(3-gal/fT. coll c r o s s - r e a c t iv i ty ,  would s t i l l ,  however, have to be surmounted.
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The X g t l l  exp ressio n  system  and the r e s u lta n t  {3-gal fu s io n - 

p ep tid es, whether p u rifie d  in the denatured or non-denatured s ta te , re ta in  

c e rta in  inherent c h a r a c te r is t ic s  th a t make the system  and i t s  products 

unfavourable fo r  use as a source o f  immunodiagnostic recombinant an tigen s. 

In an attem pt to  overcome th ese problem s, one group o f  workers (F e lle ise n  

et al., 1988) have id e n tif ie d  u sin g  d e le tio n  m utants gen erated  by Bal31

exonuclease treatm ent, the a n tig e n ic  reg io n s on a recombinant S. mansoni 
d ia g n o stic  an tigen  fo r  subsequent chem ical sy n th e s is  as o lig o p e p tid e s , 

thereby e lim in atin g  the need fo r  c a r r ie r  p ro te in s  and e f f ic ie n t  p u r if ic a tio n  

techniques. However, d e ta ile d  c h a ra c te r is a tio n  o f  th is  type is  tim e 

consuming and may not y ie ld  d ia g n o s tic  re ag e n ts  w ith the d esired  

p ro p e rtie s . Consequently, the approach taken in the cu rrent stu d y  to

a lle v ia t e  the problem s a s s o c ia te d  w ith [3-gal fu s io n -p e p tid e s  was to  

sy n th e size  the candidate an tigen s, fo llo w in g  id e n tif ic a t io n  and is o la t io n  in 

X g t l l ,  using an a lte r n a t iv e  E. coli ex p ressio n  system .

3.1.4  ALTERNATIVE E. COLI EXPRESSION SYSTEMS SUITABLE FOR THE

PRODUCTION OF IMMUNODIAGNOSTIC ANTIGENS

The problem o f poor exp ressio n  o f  {3-gal fu s io n -p e p tid e s

a sso c ia te d  w ith X g t l l  has been r e c t i f ie d  by Rb'ther and M U ller-H ill (1983). 

These workers co n stru cted  a s e t  o f s ix  plasmid exp ressio n  v ecto rs, pUR 278, 

288, 289, 290, 291 and 292. These produce {3-gal fu s io n -p e p tid e s  id e n tic a l to  

those syn th esized  by X g t l l ,  but the h igh er le v e ls  o f exp ression  obtained 

make th is  system  more s u ita b le  fo r  producing la rg e  q u a n titie s  o f fu s io n - 

p ep tid es. This exp ression  system  does not, however, overcome any o f  the 

immunodiagnostic problems a sso c ia te d  w ith {3-gal fu sio n -p e p tid e s.

Other v e cto rs , such as the pEXl-3 fam ily  (Stanley and Luzio, 

1984), and the pTTQ s e r ie s  (Stark, 1987), have been developed. These

plasm ids produce a cro-lacZ gene fu sio n  product and a lacZa fusion  product, 

r e s p e c tiv e ly . U n fortu n ately, the presence o f the LacZ gene may r e s u lt  in 

a n t i- p - g a l antibody binding to  the fu sio n -p e p tid e s . The lacZ region  o f  pTTQ 

hybrid p ep tid es is  r e la t iv e ly  sm all, however, which may help  to  reduce th is  

problem. The fu s io n -p e p tid e s  sy n th e size d  would o f f e r  no improvement w ith 

regard  to p u r ific a tio n .

V ecto rs con stru cted  re ce n tly , pNGS18(+), pNGS20(+), pNGS20(-)
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and pNGS21 (Stoker et al, 1989), e x p re ss  high le v e ls  o f  fo re ig n  p ep tid e 

fused  to  a sh ort 2 kDa lea d er sequence, which co n tain s a run o f  s ix

co n secu tive  a sp aragin e  re s id u e s  fo llow ed  by the s t a r t  o f  the lacZ gene. The 

recombinant p ro te in s  produced have no apparent background r e a c t iv i t y  w ith  

human sera . T his v e c to r  does not, however, provide any convenient method by 

which to  s e p a ra te  the recom binant pep tid e from b a c te r ia l  ly s a te s . Gel 

f i l t r a t io n  may be p o ssib le , but th is  i s  prone to  E. coll contam ination.

One ve cto r, pKK233-2, has been used to  ex p ress  chicken 

trio sep h osp h ate  isom erase (S traus and G ilb e rt, 1985). T his p ro te in  was 

expressed  in i t s  n a tiv e  form w ith ou t fu sio n  to  a c a r r ie r  peptide, and was 

shown to  be a c t iv e . The a b i l i t y  to  ex p ress d ia g n o stic  an tig en s w ithout

fu sio n  to oth er p ep tid es such as p -g a l would remove any p o s s ib i l i t y  o f 

background r e a c t iv i t y  w ith human se ra . Once again, however, is o la t io n  o f  the 

an tigen  from E. coll ly s a te s , could prove d i f f ic u lt .

Another vecto r, pEx34b, co n stru cted  by K lin kert et aL (1988) in 

an e f f o r t  to  reduce a n t i- p - g a l  background binding, produces recom binant 

p ep tid es fused  to  bacterio p h age MS2 RNA polym erase. The hybrid p ro te in s  

have been used in ELISA as d ia g n o s tic  re ag e n ts  and have shown no a n t i-  

p -g a l c r o s s - r e a c t iv i t y  w ith human se ra . The p u r if ic a tio n  procedure used to  

ob tain  th ese  fu s io n -p e p tid e s  was v e ry  lab oriou s, however, r e s u lt in g  in poor

y ie ld s  o f denatured peptide. T his a sp ect has led th e se  workers to  adopt a

d if fe r e n t  s t r a te g y  fo r  the production  o f immunodiagnostic re a g e n ts  

(F e lle ise n  et aL, 1988).

Perhaps the most prom ising vecto r  system , to  date, fo r  th is  

p a r t ic u la r  a p p lica tio n , has been developed by Smith and Johnson (1988). 

These w orkers have co n stru cted  a s e r ie s  o f  v e c to rs , pGEXl-3, which a llo w  

the sy n th e s is  o f  fo re ig n  p o lyp ep tid es in E. coll as fu sio n s w ith the C- 

term inus o f a 26 kDa g lu ta th io n e  S - tr a n s fe r a s e  (GST) derived  from 

S. japonlcum. The s tr u c tu r e  o f the pGEX-1 vecto r  is  shown in F igu re 3 .1. The 

m ajority  o f fu s io n -p e p tid e s  produced by th ese  v e c to rs  a re  so lu b le  and by 

v ir tu e  o f the GST c a r r ie r  p rotein , can be p u rifie d  from b a c te r ia l  ly s a te s  by 

a very  rapid, sim ple and in exp en sive  a f f in i t y  chrom atography s te p  using 

im m obilised g lu ta th io n e . This p u r if ic a t io n  uses non-denaturing con d ition s 

and hence, no s ig n if ic a n t  red uction  in a n tig e n ic ity  should occur. The high 

le v e l  o f  exp ression , in it ia te d  by a ta c  promoter, coupled w ith the e f f ic ie n t
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F igu re 3.1 S tru c tu re  o f  the pGEX-1 v e c to r  (A fte r  Smith and Johnson, 1988).

(A) Schem atic re p re se n ta tio n  o f  the plasm id ve cto r.

(B) N ucleotide sequence a t  the C-term inus o f  th e  26 kDa S. japonlcum GST 

(SJ26) cDNA showing the read in g  frame o f  the Eco R1 clon in g  s i te .



A EcoRI

B

Pro Lys Ser Asp Pro Arg Glu Phe lie Val Thr Asp ***
pGRX-1 CCA AAA TCG GAT CCC CGG pAA TTC. ATC GTG ACT GAC TGA CGA TCT G

BamFlI Smal EcoRI
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p u r if ic a tio n  procedure, a llow  high  y ie ld s  o f  pure, non-denatured recom binant 

p ep tid es to  be produced.

An im portant a sp ect o f  two o f  the pGEX v e c to rs  is  th a t pGEX-2 

and 3 contain  s p e c if ic  p ro te a se  c lea v a g e  s i t e s  at the ju n ction  o f  th e  GST 

c a r r ie r  p ro te in  and the fo re ig n  peptide. The c a r r ie r  p ro te in  and any 

uncleaved fu sio n -p e p tid e  can be removed, fo llo w in g  p ro tea se  d ig e stio n , by 

absorption  on im m obilised g lu ta th io n e . Pure, n a tiv e  fo re ig n  p ep tid e can, 

th e re fo re , be recovered. T his may be an im portant f a c i l i t y  should the 

S. japonicum GST c a r r ie r  m olecule in te r fe r e  w ith  immunodiagnostic a ssa ys . 

The Eco R1 cloning s i t e  in th e se  two v e cto rs  is , however, out o f fram e w ith 

X g t l l ,  s e v e r a l a d d itio n a l DNA m anipulations would be required, th e re fo re , to  

a llow  the co rre c t a n tig e n ic  p ep tid e to  be expressed.

The sm all GST c a r r ie r  p ro te in  (26 kDa), r e la t iv e  to  p -g a l 

(116 kDa), may have le s s  in flu e n ce  on the fo ld in g  p a tte rn s  o f  a n tig e n ic  

p ro te in s  and would not obscure ep ito p es to  the same exten t. I t  has a lso  

been shown th a t d e sp ite  the am ino-acid sequence id e n tity  o f 42% between 

the 26 kDa S. japonicum GST and ra b b it GST Yb, isozyme, no im m unological 

c r o s s - r e a c t iv i ty  has been observed between S. japonicum GST and ra b b it GST 

isozym es (Smith et al., 1986). T his may a ls o  hold tru e  fo r  human GST

isozym es as i t  has been rep o rted  (Taylor e t  aL, 1988) that th e re  i s  no 

s ig n if ic a n t  immunological c r o s s - r e a c t iv i t y  between a 28 kDa S. mansonl GST 

and human GST. The use o f a GST c a r r ie r  p ro te in  may, th e re fo re , reduce the 

background problem a sso c ia te d  w ith  (3-gal fu s io n -p e p tid e s . Problems o f 

c r o s s - r e a c t iv i t y  lead in g  to  f a ls e  p o s it iv e  d iagn oses may be experienced, 

however, i f  a n tib o d ies to  GST a re  produced on account o f o th er p a r a s it ic  

in fe c tio n s , p a r t ic u la r ly  sch is to so m ia s is  (Taylor et alt 1988). I t  is  u n lik e ly , 

however, th at such zoonoses would be e x te n s iv e ly  found in the a rea s  where 

Ag is  a problem. No evidence has y et been forthcom ing

s u g g e stin g  th a t ta e n iid  in fe c tio n s  stim u la te  an anti-G ST response. GST 

fu s io n -p e p tid e s  may, th e re fo re , be s u ita b le  fo r  d iagn o sis  o f  th ese  

p a ra s ite s . For th ese  reasons, and the fa c t  th a t pGEX-1 o f f e r s  an Eco R1 

cloning s i t e  in frame w ith  th a t o f  X g t l l ,  t h is  v e c to r  was used to  

s y n th e s ize  one o f the p o te n tia lly  immunodiagnostic E. multilocularis 
an tigen s.
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3.1.5  THE IMMUNE RECOGNITION OF RECOMBINANT ANTIGENS

The im portance o f e a r ly  and su sta in ed  reco g n itio n  o f  d ia g n o s tic  

an tig en s by the host immune system  has been d iscu ssed  e a r lie r .  In ord er to  

f u l ly  e v a lu a te  the immunodiagnostic p o te n tia l o f  the cloned an tig en s, i t  was 

n ecessa ry  to  e s ta b lis h  the tim e o f  onset o f  th e ir  immune re co g n itio n  

fo llow in g  in fe c tio n , and to  determ ine the len gth  o f time fo r  which th is  

re co g n itio n  was su sta in ed .

S p e c if ic  data regard in g  the onset o f host reco g n itio n  o f  the 

Em 2a an tigen  is  not a v a ila b le . T his i s  because most AE p a tien t s e ra  te s te d , 

to  date, have been obtained from confirm ed AE cases, which could only be 

diagnosed by con ven tion al methods when the condition  was w e ll advanced. 

Human se ra  obtained soon a f t e r  in fe c tio n  are, th e re fo re , not e a s i ly  found. 

In order to  make an a ccu ra te  e stim atio n  o f  the tim e taken between in fe c tio n  

and onset o f immune response, s e ra  taken a t the tim e o f in fe c tio n  and at 

re g u la r  in te r v a ls  th e r e a fte r  i s  required . This i s  not alw ays p o s s ib le  w ith 

human se ra  as the p re c is e  time o f  in fe c tio n  may be im possible to  obtain. 

Furthermore, p o s it iv e  d ia gn o sis  may only be p o ss ib le  a f t e r  a long time 

period, by which time the m etacestode is  w e ll e sta b lish e d . The e th ic a l  

im p licatio n s o f usin g  humans as a r e g u la r  so u rce  o f  in fe c tio n  s e ra  p re se n ts  

a fu rth e r  problem.

The most convenient so u rce  o f w e ll ch a ra cte ris e d  in fe c tio n  s e ra  

is  an anim al model m aintained in the lab o rato ry . An E. multllocularis 
m etacestode s ta g e  in fe c tio n  can be produced in cotton  r a t s  by

in tra p e r ito n e a l p assage o f p ro to sco le x  m a te ria l (Rau and Tanner, 1972). The 

in fe c tio n  e s ta b lis h e s  and m atures w ith in  a r e la t iv e ly  sh ort tim e (Rausch, 

1975) and forms the b a s is  o f a s u ita b le  model w ith  which to  fo llo w  the time 

course o f immune response to  in fe c tio n . I t  has been e s ta b lis h e d  (Ali-Khan, 

1974; Ali-Khan and Siboo, 1982) th a t a stro n g  humoral immune respon se is  

gen erated  by mice exp erim en tally  in fe c te d  w ith  E. multilocularls. L ingelbach  

and Hinz (1984) have a ls o  shown by immunoblotting, th at se ra  obtained 

90 days p o s tin fe c tio n  from in tra p e r ito n e a lly  E. multilocularls in fe c te d  

NMRI-mice were capable o f re co g n is in g  some o f  the major m etacestode 

an tig en s d e tec te d  by a human a n ti-E . multllocularis in fe c tio n  serum. Mouse 

in fe c tio n  is , th e re fo re , a p o te n tia lly  u s e fu l model fo r  the stu d y  o f  immune 

re co g n itio n  over tim e, p a r t ic u la r ly  as i t  may c lo s e ly  p a r a lle l  some a sp e c ts
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o f  human in fe c tio n . However, th is  typ e o f model system  can not mimic a l l  

a sp e c ts  o f  the im m unological s itu a t io n  found in human in fe c tio n s  fo r  

s e v e r a l reasons, 1) the in tro d u ctio n  o f p a r a s ite  m a te ria l in to  the 

p e r ito n e a l c a v ity  does not a llo w  tru e  reprod uction  o f  the immune resp on ses 

stim u la ted  by the invading oncosphere and the i n i t i a l  development o f  the 

la r v a l mass, 2) the m etacestode d evelops g e n e r a lly  in the p e r ito n e a l c a v ity  

o f the anim al and not the liv e r , the u su al s i t e  o f  prim ary human in fe c tio n ,

3) cy s t  development w ith in  th e n a tu ra l in term ed iate  rodent h ost d i f f e r s  

from th a t in man; human c y s ts , fo r  example, are  u su a lly  s t e r i le ,  w ith  no 

p ro to sco le ce s  (Rausch and Wilson, 1973) but rodent c y s ts , on the oth er hand, 

are  u s u a lly  f e r t i le ,  co n tain in g  many p ro to sco le ce s  (Rausch, 1975), and 4) the 

time course o f m etacestode development d i f f e r s  between rodent and human 

h o sts. Development occurs ra p id ly  in the n a tu ra l rodent host, p ro to sco le ce s  

being produced w ith in  2-4  months (Rausch, 1975), w ith a fo llo w in g  ce ssa tio n  

in cy s t  grow th (Rausch and Wilson, 1973). In man, however, c y s t  grow th is  

slow , but can continue in d e f in ite ly  fo r  many y ea rs  (Rausch and Wilson, 

1973).

D espite the d iscre p a n c ie s  between the human in fe c tio n  and the 

animal model, th is  was the only convenient method o f  ob tain in g the required  

ch a ra cte r is e d  sera .
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3.2 MATERIALS AND METHODS

3.2.1 MATERIALS

3.2.1.1 Antigens

EmAgA and EgSCF a n tig e n s  were prepared as d escrib ed  p re v io u sly  

(sectio n  2 .2 .1.1).

E. multllocularis pure p ro to sco le x  an tigen  (EmAgPP) was 

prepared from p ep sin ised  p ro to sco le ce s  (se ctio n  2 .2 .2 .1.1). The p u r ifie d  

p ro to sco le ce s  were b o iled  fo r  5 m inutes in  SDS-PAGE sample b u ffe r  under 

reducing co n d ition s (5% (v/v) 2-me). F ollow ing rem oval o f in so lu b le  d e b ris  

by c e n tr ifu g a tio n  at 15 000 g fo r  2 m inutes, the supernatant was loaded 

d ir e c t ly  onto SDS-PAGE g e ls . P rote in  co n cen tration  was estim ated  p re v io u sly  

by the Bradford method (Bradford, 1976), 1 ml o f  packed p ro to sco le ce s

con tain in g approxim ately 100 mg o f  p rotein .

F usion -pep tid e a n tig e n s were prepared and in th e  ca se  o f 

EM-pgalFP4, p u r ifie d  by e le c tr o e lu t io n  from SDS-PAGE g e ls  as  d escrib ed  

p re v io u sly  (sectio n  2.2.2.7).

3.2.1.2 Antisera

In d ivid u al human in fe c tio n  s e ra  w ere obtained from,

E. multilocularlsi 37 European and 12 Alaskan p a tie n ts . T o ta l 49.

E. granulosus. 8 Kenyan and 3 U.K. p a tie n ts . T o ta l 11.

T. solium 8 Zimbabwean and 3 Mexican p a tie n ts . T o ta l 11.

A summary o f  the case  h is to r ie s  o f  in d iv id u a l p a tie n ts , is  

p resented  in T able 3.1.

Mouse a n t i- p - g a l, anti-EM -0galFP2 and anti-EM -pgalFP4 se ra  

were prepared as d escribed  p re v io u s ly  (sectio n  2.2.1.2).
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TABLE 3.1

Summary o f p a tien t case  h is to r ie s

Serum No: Orisrin C lin ic a l m a n ife sta tio n s and treatm ent

E. multilocularis 
in fe c tio n  se ra

l* t o  17 Europe No d ata  a v a ila b le
18 & 19 II No chemotherapy
20 to  25 II Mebendazole chemotherapy
26 II No chemotherapy
27 If Mebendazole chemotherapy
28 II No chemotherapy
29 to  34 II Mebendazole chemotherapy
35 to  37 II No chemotherapy
38 to 49 Alaska No d ata  a v a ila b le

E. granulosus 
in fe c tio n  se ra

1 Kenya* 12 cm l iv e r  c y s t  & DC. No su rg e ry
2 II L iv er & abd. cav. c y s ts . DC. P revious op eration
3 II No c y s t  d e te c te d  by u ltrasou nd
4 II L iver & abd. cav. c y s ts . 1 c y s t  >16cm. DC. 3 ops
5 II No c y s t  d e te c te d  by U/S, p o s s ib ly  lung cy st
6 II 14cm l iv e r  c y s t. DC. P revious op eration
7 II L iv er c y s ts . 1 cy st >12cm. DC. P revious op eration
8 II L iver & abd. cav. c y s ts . DC? P revious op eration
9 U.K. R ecen tly  s ta r te d  on albendazole. No fu rth e r  d ata

10 II 2 l iv e r  c y s ts . P revious o p eratio n
11 II No d ata  a v a ila b le

T. solium 
in fe c tio n  se ra

1 to  8 Zimbabwe No data a v a ila b le
9 to  11 Mexico No data a v a ila b le

DC Daughter c y s ts . Presence o f  DC confirm ed th at c y s ts  were v ia b le

* Sera 1 to  11 were included in the pool used fo r  d i f fe r e n t ia l  screen in g  
o f the cDNA lib r a r y

Sera used fo r  d i f fe r e n t ia l  screen in g  o f  the cDNA lib r a r y

*  None o f th ese  p a tie n ts  were drug tre a te d
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3.2.2 METHODS

3.2.2.1 SDS-PAGE, Immunoblotting and ELISA

SDS-PAGE, im m unoblotting and ELISA were perform ed as d escrib ed  

p re v io u sly  (se ctio n  2.2.2.3). For in te r p r e ta tio n  o f  s e r o p o s it iv ity  by ELISA 

when using in d iv id u a l human in fe c tio n  sera , a th resh o ld  valu e was c a lc u la te d  

by tak in g  the mean 0DAS(2„ m absorbance va lu e  p lu s 2 standard d e v ia tio n s  

(S.D.), obtained by te s t in g  the normal human serum pool o f  4 U.K. s e ra  a 

t o t a l  o f 8 tim es a g a in st the re le v a n t antigen . T est se ra  mean 

absorbance va lu e s  equal to, or g r e a te r  than th e thresh old , were consid ered  

a s p o s itiv e .

3.2.2.2 The p u r if ic a tio n  o f  EM-flgalFP4 by g e l  f i l t r a t io n  chrom atography

The technique used was as d escrib ed  by C a rro ll and Laughon

(1987). In ord er to  maximise y ie ld  o f  EM-pgalFP4 peptide, the \ g tll-E M 4  

lysogen  was 'cu red ' o f  the pMC9 (.lacX*') a m p ic illin  r e s is ta n c e  plasm id. 

Complete rem oval o f  the lac re p re ssio n  r e s u lt s  in a 3 to  4 fo ld  in cre a se  in 

y ie ld , although, over long tim e p eriod s th is  may lead  to  s e le c t iv e  p re ssu re  

fo r  m utations o f  the fu sio n  p ro tein . A permanent s to ck  o f pM C9-containing 

lysogen  was re ta in e d  in the event o f  lo s s  o f  the lysogen  through n e g a tiv e  

s e le c tio n . The rem oval o f th e  pMC9 plasmid was accom plished by the rep eated  

grow ing o f the lysogen  on normal LB p la te s  w ithout a m p icillin . Loss o f  drug 

r e s is ta n c e  was m onitored by r e p lic a  p la tin g  on LB p la te s  w ith or w ithout 

am p icillin . Approxim ately 8 to  12 c y c le s  o f grow th were required  to  ach ieve  

lo s s  o f  the plasmid.

1 l i t r e  c u ltu r e s  o f  th e cured lysogen  w ere grown as b efo re  

(se ctio n  2.2.2.6) but, fo llo w in g  heat shock a t 42 °C, no IPTG was added p rio r  

to  incubation  a t 37 °C. The c e l l s  were h arvested  and ly se d  as b e fo re  and 

the ly s a te  was made 0.5 M w ith  re sp e ct to  NaCl. F ollow ing mixing, the 

e x tr a c t  was ce n tr ifu g e d  at 15 000 g fo r  10 m inutes a t  4 °C to  c la r i fy .  

0.1 volumes o f  30% (w/v) strep tom ycin  su lp h ate  s o lu tio n  were added to  the 

sup ernatant and the so lu tio n  was mixed fo r  15 m inutes a t 4 °C fo llow ed  by 

c e n tr ifu g a tio n  a t 15 000 g  fo r  10 m inutes at 4 °C. To the sup ernatant was 

added 25% (v/v) sa tu ra te d  (NHA)2S0A pH 8.0 dropw ise w hile g e n tly  s t ir r in g
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a t 4 °C. The percen tage o f  (NRa^SO* pH 8.0 req u ired  to  p r e c ip ita te  the 

fu sion -p ep  t id e  was determ ined p re v io u s ly  by SDS-PAGE a n a ly s is  o f  a liq u o ts  

removed w hile adding between 25% and 40% (v/v) (NHa ^SO,* pH 8.0. (data not 

shown). S t ir r in g  was continued fo r  a fu rth e r  30 m inutes fo llow ed  by 

c e n tr ifu g a tio n  a t  15 000 g  fo r  30 m inutes a t 4 °C. The sup ern atan t was 

d iscard ed  and th e  r e s id u a l (NHa^SO* was removed by c e n tr ifu g in g  th e  p e l le t  

at 4 000 g fo r  1 minute. The p e lle t  was d isso lv e d  in 2 ml o f  column b u ffe r  

C150 mM NaCl/20 mM 2-m e/l mM PMSF/0.1% (v/v) T rito n  X-100/20 mM T ris-H C l 

pH 7.53. The so lu tio n  was ce n tr ifu g e d  a t 15 000 g fo r  5 m inutes a t  4 °C 

b efo re  applyin g the supernatant to  th e  g e l  f i l t r a t io n  column.

The column used was 2 cm * 54 cm (LKB) con tain in g  Sep h acryl 

S-300 (Pharmacia), e q u ilib ra te d  in column b u ffe r , as  the se p a ra tio n  medium. 

The column was co n stru cted  accord in g  to  the m anu facturer's in s tru c tio n s  and 

was c a lib ra te d  u sin g  m olecular w eigh t markers (Sigma) (data not shown). The 

flow  r a te  was ad ju sted  to  1 ml min-1  and fo llo w in g  a p p lica tio n  o f  the 

sample, the e lu tio n  p r o f i le  was m onitored by absorbance at 0D2eOr>m (LKB 

Uvicord). The fr a c tio n s  w ere c o lle c te d  usin g  an LKB fr a c tio n  c o lle c to r . The 

f i r s t  major e lu tio n  peak was found to  contain  the fu sio n  p ro te in  fo llo w in g  

a n a ly s is  o f  fr a c tio n  a liq u o ts  by SDS-PAGE (data not shown). The peak 

fr a c tio n s  were pooled and the fu s io n -p e p tid e  recovered  by p re c ip ita tio n  

w ith 25% (v/v) (NHa )2S04 pH 8.0. The p e lle t  was re d is so lv e d  in PBS and the 

p ro te in  con cen tration  estim ated  by th e  Bradford method (Bradford, 1976). The 

y ie ld  o f  fu s io n -p e p tid e  was approxim ately  250 pg per l i t r e  o f  c u ltu re  

volume.

3.2.2.3 The subcloning o f EM4 cDNA in to  pGEX-1

3.2.2.3.1 X gt1 1 /EM4 phage DNA p rep aratio n

A fre s h  recom binant Xgtll/EM 4 plaque, picked from a lawn o f 

Y1090 c e l ls ,  was used to  in o cu la te  50 ml o f  10 mM MgSO^/LB and the cu ltu re  

was grown overn igh t w ith  shaking a t 37 °C. S e v e ra l drops o f  chloroform  were 

added and shaking resumed fo r  10 m inutes to  ensure ly s i s  o f  a l l  c e l ls .  The 

ly s a te  was ce n tr ifu g e d  a t  4 000 g  fo r  10 m inutes a t  ambient tem perature. 

To the sup ern atan t was added 1 pg ml-1 DNase 1 and RNase A (Sigma) 

fo llow ed  by incubation  fo r  30 m inutes at ambient tem perature. Debris was 

p e lle te d  a t  8 000 g fo r  10 m inutes a t 4 °C and the sup ernatant was
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ce n tr ifu g e d  fu rth e r  at 35 000 g  fo r  2 h a t  4 °C to  p e lle t  th e  phage 

p a r t ic le s . Phage were resuspended in 0.5 ml SM overn igh t a t  4 °C. DNase 1 

and RNase A were added to  1 pg ml-1 and th e  m ixture was incubated  fo r  

30 m inutes at ambient tem perature. The phage heads were d isru p ted  a t  65 °C 

fo r  10 m inutes and p ro te in a se  K was added to  1 pg ml- 1 , fo llo w ed  by 

incubation  fo r  30 m inutes a t  ambient tem perature. The s o lu tio n  was 

d ep ro te in ised  by chloroform , phenol/chloroform  and chloroform  e x tr a c tio n s . 

The DNA was p re c ip ita te d  o vern igh t a t -20 °C fo llo w in g  the ad d itio n  o f  0.1 

volumes o f  3 M NaAc and 2.5 volum es o f cold a b so lu te  ethanol. The DNA was 

recovered  by c e n tr ifu g a tio n  a t  15 000 g fo r  10 m inutes and the p e l le t  was 

drained and d ried  under vacuum. F ollow ing resu sp en sion  in 10 p i o f  TE the 

DNA co n cen tration  and p u r ity  was estim ated  from 0D26O/2eonm absorbance 

read ings.

3.2.2.3.2 EM4 cDNA subcloning in to  M13mpl9

P rio r to  the pGEX-1 v e c to r  becoming a v a ila b le , the EM4 cDNA 

in s e rt  had been subcloned in to  M13mpl9 to  f a c i l i t a t e  n u cleo tid e  sequencing. 

Reagents and p ro to co ls  fo r  Ml3 subcloning w ere su p p lied  by BRL, M13mpl9 RF 

DNA was cu t w ith  Eco R1 and tre a te d  w ith b a c te r ia l  a lk a lin e  phosphatase as 

d escribed  by the m anufacturer. The \gtll/E M 4 DNA was cut w ith  Eco R1 and 

prepared fo r  lig a tio n  by phenol/chloroform  e x tra c tio n  and eth an o l 

p re c ip ita tio n . The e n tir e  Xgtll/EM 4 d ig e s t  was 'shotgun ' lig a te d  in to  Eco R1 

cut and phosphatased M13mpl9 RF DNA as d escrib ed  by the m anufacturer. A 

molar r a t io  o f  cDNA in s e r t  to  M13 v e cto r  o f  2 : 1 was used in a t o t a l  

lig a t io n  re a c tio n  volume o f  5 p i. L ig a tio n  p rod ucts were used to  transform  

competent JM101 E. coll h ost c e l l s  and th e se  were p lated  out in  the 

p resence o f  IPTG and X gal as d escrib ed  by th e  m anufacturer. F ollow ing 

incubation  o f  the p la te s  a t  37 °C overn igh t, th e recom binant M13mpl9 phage 

were id e n tif ie d  accordin g to  co lo u r s e le c tio n . White tu rb id  p laques were 

recom binant, b lue tu rb id  p laques were non-recom binant. Two recom binants 

were s e le c te d  and grown accord in g  to  the m anu facturer's recommendations. 

C u ltu re  su p ern atan ts were re ta in e d  fo r  the p rep aratio n  o f s in g le  stran d  

tem plate DNA fo r  sequencing and th e p e lle te d  c e l l s  were used to  prepare 

M13mpl9/EM4 double stran ded RF DNA.
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3.2.2.3.3 EM4 cDNA subcloning Into pGEX-1

S m a ll-sca le  plasm id p rep aratio n s were used to  produce 

s u f f ic ie n t  q u a n titie s  o f M13mpl9/EM4 RF DNA a s d escrib ed  by M ille r  (1987). 

The DNA was r e s tr ic te d  w ith  Eco R1 and the products analysed  on a 1% 
agarose g e l  (M aniatis et aL, 1982). A s in g le  DNA fragm ent o f  approxim ately  

1 000 bp was produced by both recom binant c lon es (data not shown). This 

confirm ed the presence o f th e EM4 cDNA in s e r t  w ith in  the M13mpl9 subclones. 

A p re p a ra tiv e  amount o f M13mpl9/EM4 RF DNA was prepared from one o f  the 

recombinant c lon es as d escrib ed  by M iller  (1987) and fo llo w in g  r e s tr ic t io n  

w ith Eco Rl, th e  e n tir e  d ig e s t  was e lectro p h o resed  on a 1% agaro se  g e l. The 

p o sitio n  o f  the 1 000 bp EM4 in s e r t  was determ ined by v is u a lis a t io n  under 

u ltr a  v io le t  l ig h t  using a tra n sillu m in a to r, and the band was e x c ise d  from 

the g e l. The in s e r t  DNA was recovered  by e le c tr o e lu tio n  in to  a d ia ly s is  bag 

as d escrib ed  by M aniatis et aL (1982). Im p u rities  were removed by phenol, 

phenol/chloroform  and chloroform  e x tr a c t io n s  and eth an ol p re c ip ita tio n , 

fo llow ed  by g e l  f i l t r a t io n  through a sephadex G-50 column (M aniatis et aL, 
1982).

pGEX-1 plasm id DNA was prepared (M iller, 1987) and Eco Rl cut 

and phosphatased as d escrib ed  p re v io u sly . L ig a tio n  o f EM4 in s e r t  w ith 

pGEX-1 was perform ed a s d escrib ed  above. A molar r a t io  o f p u r if ie d  EM4 

in se rt  to  pGEX-1 v e c to r  o f  2 : 1 was used in a l ig a t io n  re a c tio n  volume o f 

5 pi. The lig a t io n  products were used to  transform  competent TG2 E. coll 
host c e l l s  accord in g to  the procedure d escrib ed  by M ille r  (1987). The c e l l s  

were made competent by CaCl2 treatm ent (M iller, 1987). Transform ed c e l ls  

were p la te d  out on 100 pg ml-1  am picillin/LB agar and incubated overn igh t 

at 37 °C.

Recombinant c lo n es w ere s e le c te d  by a colony immunoassay 

technique based on that used by S ta h l et al. (1984) fo r  scre e n in g  lysogen s. 

F ollow ing overn igh t grow th, n it r o c e llu lo s e  f i l t e r s  soaked in 10 mM IPTG were 

la id  m om entarily over the s u r fa c e  o f  the co lo n ie s  and o rie n tate d . They were 

removed c a r e fu lly  onto fr e s h  Amp/LB p la te s  w ith  the tra n s fe rre d  b a c te r ia  

uppermost. The o r ig in a l p la te s  were incubated overn igh t and c o n s titu te d  

m aster p la te s  o f the tran sform an ts. The n itr o c e llu lo s e  f i l t e r s  were 

incubated fo r  3 h a t 37 °C and the co lo n ie s  ly sed  by p lacin g  f i l t e r s  on 

b lo tt in g  paper sa tu ra te d  w ith  1% (w/v) SDS fo r  15 minutes, fo llow ed  by

exposure to  a chloroform  s a tu ra te d  atm osphere fo r  15 m inutes. B a c te r ia l
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d eb ris  was removed by w ashing fo r  2 h a t ambient tem perature w ith  TNT. A ll 

subsequent s te p s  were a s  d escrib ed  p re v io u sly  fo r  plaque immunoassay 

(se ctio n  2.2.2.4). A f f in ity  p u r if ie d  ra b b it anti-EM 4 antibody was used to  

probe th e  f i l t e r s ,  a vo id in g  the e x c e s s iv e  background produced when 

screen in g  w ith whole serum. C olon ies ex p re ssin g  the EM4 an tigen  were picked 

and g ly c e r o l s to ck s  made (M aniatis et aL, 1982).

Plasmid DNA was e x tra c te d  from recom binant co lo n ie s  and cut 

w ith Eco Rl, D igestion  p rod ucts were an alysed  by agaro se g e l  e le c t r o ­

p h o resis  and v is u a lis a t io n  o f  th e  1 000 bp EM4 in s e r t  was in d ic a tiv e  o f 

genuine recom binants (data not shown).

3.2.2.4 The production and pu rification  o f GST and GST/EM4 fu sion -

peptide

pGEX-1 and recom binant pGEX-l/EM4 were used to  produce GST 

and GST/EM4 fu sio n -p e p tid e , r e s p e c t iv e ly , accord in g to  the p ro to co l o f  Smith 

and Johnson (1988). The grow th medium used was SOB [2% (w/v) Bacto

tryptone/0.5% (w/v) Bacto y e a s t  e x tra c t/ 10  mM NaCl/2.5 mM KC1/ 10 mM 

MgCla/lO mM MgSO^/pH 7.0] supplem ented w ith  100 pg ml-1 a m p ic illin . An 

overn igh t c u ltu r e  was d ilu te d  1 in  10 in fre s h  medium and incubated  fo r  

1 h a t  37 °C. Follow ing the ad d ition  o f  0.1 mM IPTG, the c u ltu r e  was

incubated fo r  a fu r th e r  3 h a t  37 °C. C e lls  were h arv ested  by

c e n tr ifu g a tio n  and ly sed  by mild so n ica tio n  a t  4 °C. A fte r  the ad d itio n  o f 

T rito n  X-100 to  0.1% (v/v), in so lu b le  m a te ria l was removed by c e n tr ifu g a t io n  

at 15 000 g fo r  5 m inutes a t  4 °C. The supernatant was mixed w ith 

g lu ta th io n e -a g a ro s e  beads (sulphur linkage, Sigma) and fo llo w in g  absorption  

fo r  2 m inutes, the beads were recovered  by c e n tr ifu g a tio n  a t  500 g  fo r  

1 minute a t 4 °C. Unbound m a te ria l was removed u sin g  3 * 50 ml w ashes w ith  

PBS. Bound GST or GST/EM4 fu sio n -p e p tid e  was e lu te d  w ith 5 mM reduced

g lu ta th io n e  (Sigma)/50 mM T ris-H C l pH 8.0. P rotein  y ie ld  was estim ated  from 

absorbance read in g s u sin g  known co n cen tration s o f  BSA a s  a 

standard. From a 100 ml cu ltu re , approxim ately 250 pg o f fu s io n -p e p tid e  

could be recovered. In th e  case  o f  GST, approxim ately double th is  amount 

could be recovered  from an eq u iva len t c u ltu re  volume. A liq u o ts  o f  the 

p ro te in  p rep aratio n s were an alysed  by SDS-PAGE to  ensure s u f f ic ie n t  p u rity .
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3.2.2.5 Mouse E. m u ltilo cu la ris  in fectio n s and s e r ia l bleeding

The mouse s t r a in  chosen fo r  t h is  stu d y  was BALB/c a s t h is  had 

been shown by Alkarmi and Ali-Khan (1984) to  c o n s is te n tly  produce h igh er 

le v e ls  o f  p a r a s ite  biom ass than c e rta in  o th er mouse s t r a in s  fo llo w in g  

in tra p e r ito n e a l in o cu latio n  w ith  c y s t ic  m ateria l. Cotton r a t s  w ere not used 

on account o f the d i f f i c u l t i e s  experienced  in ob ta in in g  them inbred. Inbred 

anim als w ere requ ired  to  reduce the p o s s ib i l i t y  o f  in d iv id u a l v a r ia b il i t y  

th at may have led  to  in co n sis te n t immune responses.

7 inbred fem ale BALB/c mice were each in o cu la ted  in tr a -  

p e r ito n e a lly  w ith  approxim ately  6 000 p u r ifie d  p ro to sco le ce s  suspended in 

0.5 ml Hanks' sa lin e . 3 co n tro l mice w ere in o cu lated  w ith Hanks' alone. 

P ro to sco le ce s  were obtained a f t e r  l ig h t ly  homogenised c y s t ic  m a teria l, 

obtained from an in fe c te d  co tto n  r a t , had been s ie v e d  rep e a te d ly  through a 

f in e  mesh. The mice w ere bled im m ediately p re - in fe c t io n  and e v e ry  14 days 

th e r e a fte r  fo r  a t o t a l  o f  168 days. T his len gth  o f in fe c tio n  was thought to  

be s u f f ic ie n t  to  a llow  f u l ly  mature, f e r t i l e  c y s ts  to  develop, as  la r g e  cy st 

m asses have p re v io u sly  been found in BALB/c mice w ith in  84 days o f 

in fe c tio n  (Alkarmi and Ali-Khan, 1984).

On term in ation o f  th e  in fe c tio n , the mice were k il le d  by 

c e r v ic a l  d is lo c a tio n  and d isse c te d . The lo ca tio n , number, s iz e , mass and 

f e r t i l i t y  o f  the c y s ts  was a sse sse d . The s e ra  obtained were used to  probe 

immunoblots o f  EmAgPP and crude lysogen  ly s a te s .
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3,3 RESULTS

3.3.1 THE CHARACTERISATION OF HUMAN INFECTION SERA

The human a n t i- E  multllocularls, a n t i- E  granulosus and a n t i-  

T. solium in fe c tio n  se ra  were te s te d  in d iv id u a lly  by ELISA p rio r  to  use, in

order to  confirm  that they were o f s u f f ic ie n t  antibody t i t r e  to  allow

p o s it iv e  d ia gn o sis  using a crude p a r a s ite  an tigen  e x tr a c t . For in te r ­

p re ta tio n  o f s e r o p o s it iv ity , a th resh old  va lu e  was c a lc u la te d  usin g  th e mean 

0DA.32nrri absorbance valu e p lu s 2 S.D., obtained from te s t in g  o f the NHS pool, 

d ilu te d  1 in 500, a t o t a l  o f  8 tim es a g a in st th e EgSCF an tigen  (2 pg ml- 1 ). 

V alues eq u al to  or g r e a te r  than the th resh old  valu e were consid ered  as 

p o s itiv e . A mean 0DA.32rnrn absorbance va lu e  o f  x = 0.441 (S.D. = 0.096) was 

obtained. The d iscrim in ation  va lu e  was ca lc u la te d  using x + 2 S.D. = 0.633 

C0DA.32r,m). This d ia g n o stic  c r ite r io n  was adapted from th a t used by 

G o tts te in  et aL (1983). The in d iv id u a l se ra  w ere each d ilu te d  1 in  500 and 

te s te d  in d u p lica te  a g a in st EgSCF (2 pg ml- 1 ) (data not shown). 49 a n t i-  

E  multllocularis sera , 11 a n t i- E  granulosus s e ra  and 11 a n ti-T . solium 
se ra  (Table 3 .1) were found to  be p o s it iv e  and only th ese  were used fo r 

subsequent te s t in g  o f recom binant an tigen s.

3.3.2 THE IMMUNOLOGICAL CHARACTERISATION OF EM-0galFP2

EM~0galFP2 p u r ifie d  by e le c tr o e lu tio n  did not bind to  ELISA 

p la te s  and hence could not be te s te d  using th is  technique. Immunob lo t  tin g  

o f  th is  fu sio n -p ep tid e , fo llo w in g  sep a ra tio n  from E  coll p ro te in s  by SDS- 

PAGE, appeared to  be an a lte r n a t iv e  method which would f a c i l i t a t e  

im m unological c h a ra c te r is a tio n  o f th is  recombinant an tigen  (Fig. 2.12). In 

order to  f u l ly  e v a lu a te  d ia g n o stic  s e n s i t iv i t y  and s p e c if ic i ty ,  immunoblots

o f crude EM2 lysogen  ly s a te  were probed w ith  in d iv id u a l human in fe c tio n

sera .

3.3.2.1 The d ia g n o s tic  s e n s i t iv i t y  o f  EM-0galFP2

To e v a lu a te  immunodiagnostic s e n s it iv it y ,  in d iv id u a l a n t i-  

E  multllocularls se ra  were te s te d  a g ain st immunoblots o f crude EM2 lysogen
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ly s a te  (Fig. 3.2). Of the 49 sera , 26 produced d e te c ta b le  le v e ls  o f  antibody 

binding g r e a te r  than the background s ig n a l produced by NHS (lane 2), a t the 

expected o f EM-pgalFP2 (th is  d ata is  summarised in T able 3.4). This

an tigen  was, th e re fo re , reco gn ised  by 53% o f  the s e ra  te s te d . S ig n a ls  were 

produced by serum numbers 7, 28, 41 and 44 (lan es 9, 30, 43 and 46, 

re s p e c tiv e ly ) , o f  s im ila r  o r  g r e a te r  in te n s ity  than that produced by the 

a n ti-E . multilocularis pool o f p o s it iv e  co n tro l se ra  (lane 1). Other p o s it iv e  

se ra  produced a range o f  band in t e n s it ie s  r e f le c t in g  the v a r ia t io n s  in a n t i-  

EM~PgalFP2 antibody t i t r e  present in d if fe r e n t  in d iv id u a l se ra . From th is  

data, i t  could be seen th a t approxim ately h a lf  o f the a n t i-  

E. multilocularis se ra  te s te d  contained anti-EM -pgalFP2 antibody, r e s u lt in g  

in r e la t iv e ly  poor d ia g n o stic  s e n s i t iv i t y  o f  t h is  antigen.

Table 3.4 shows th at re co g n itio n  o f th is  a n tig en  was 

independent o f serum o rig in . A l l  s e ra  obtained from p a tie n ts  who had not 

rece ived  drug treatm ent recogn ised  th is  an tigen . R ecognition by s e ra  from 

d ru g -tre a te d  p a tie n ts  was v a r ia b le .

3.3.2.2 The d iagnostic sp e c if ic ity  o f EM~PgalFP2

To confirm  d ia g n o stic  s p e c if ic i t y ,  crude EM2 lysogen  ly s a te  

immunoblots were te s te d  w ith  in d iv id u a l human a n ti-E . granulosus and a n ti-  

T. solium in fe c tio n  s e ra  (F igures 3.3 A and 3.3 B, r e s p e c t iv e ly ) . These 

r e s u lt s  are  summarised in T able 3.3. 8 o f the 11 a n ti-E . granulosus se ra  

(Fig. 3.3 A) produced a band a t the Mr corresponding to  EM-pgalFP2, o f 

g r e a te r  in te n s ity  than th a t produced by NHS (lane 2). Serum numbers 1 (lane

3) and 6 (lane 8) produced s ig n a ls  eq u iva len t to  th at d e tec te d  w ith  the 

a n ti-E . multilocularis pool o f  p o s it iv e  co n tro l se ra  (lane 1). The rem aining 

p o s it iv e  se ra  (lan es 4, 5, 6, 7, 10 and 12) produced bands o f reduced

in te n s ity . Of the a n t i-  T. solium se ra  (Fig. 3.3 B), 4 o f  the 11 te s te d  

produced s ig n if ic a n t  le v e ls  o f  anti-EM -pgalFP2 antibody binding (lan es 4, 6, 

7 and 11)  which was g r e a te r  than that produced by NHS (panel A, lane 2). 

Serum number 11 (lane 11)  produced the s tro n g e s t s ig n a l, a lthough th is  was 

not as in ten se  as th at produced by the a n ti-E . multilocularis pool o f 

p o s it iv e  co n tro l se ra  (panel A, lane 1). In to ta l ,  th e re fo re , 10 (45%) o f the 

22 h etero lo g o u s se ra  te s te d  did not c r o s s -r e a c t  w ith th is  an tigen . I t  was 

observed (Table 3.3) th at the c r o s s - r e a c t iv i t y  produced by the rem aining
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F ig u re  3.2 SDS-PAGE and im m unoblotting o f crude EM2 lysogen  ly s a te  w ith  

in d iv id u a l human a n t i - 2?. multilocularis in fe c tio n  sera .

Lane 1, pool o f  a n ti-£ . multilocularis sera .

Lane 2, pool o f  normal human sera .

Lanes 3 -5 1 , in d iv id u a l a n ti-E . multilocularis s e ra  numbers 1-49.

50 jig o f crude ly s a te  was used per s tr ip . The e x tr a c t  was reduced p r io r  to  

e le c tro p h o re s is . The undegraded EM-pgalFP2 band i s  arrowed.
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F ig u re  3.3 SDS-PAGE and immunoblotting o f  crude EM2 lysogen  ly s a te  w ith  

in d iv id u a l human a n ti-E . granulosus and a n t i - T. solium in fe c tio n  sera .

(A) a n ti-E . granulosus sera: lane 1, pool o f a n ti-E . multilocularis sera ; 

lane 2, pool o f normal human sera; lan es 3 -13 , in d iv id u a l a n ti-E . granulosus 
se ra  numbers 1 - 1 1 .

(B) a n t i - 7. solium sera: lanes 1 - 1 1 ,  in d iv id u a l a n t i - T. solium se ra  numbers 

1- 1 1 .
50 jig o f crude ly s a te  was used per s t r ip . The e x tr a c t  was reduced p rio r  to  

e le c tro p h o re s is . The undegraded EM-{3galFP2 band i s  arrowed.
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s e ra  was independent o f the coun try  o f  o rig in , as a t le a s t  one serum from 

each o f the fou r regio n s produced a p o s it iv e  reactio n . No obvious 

c o rre la tio n  was evid en t between re co g n itio n  o f th is  an tig en  and the c l in ic a l  

c h a r a c te r is t ic s  o f the £. granulosus in fe c te d  p a tie n ts .

The c r o s s - r e a c t iv i ty  produced w ith c e r ta in  in d iv id u a l a n t i-  

E. granulosus and a n t i - T. solium s e ra  revea led  th at th is  an tigen  was not 

E. multllocularls-specific a t the immunological le v e l, as was f i r s t  

dem onstrated using p ools o f  human in fe c tio n  se ra  (Fig. 2.14 A). Only 5 o f 

the in d iv id u a l a n ti-E . multilocularis se ra  incorporated  in the serum pool 

used to  screen  the lib ra ry , reco g n ised  th is  antigen . This in d ica ted  a

p o te n tia l d isad van tage to  the use o f  pools o f  human in fe c tio n  s e ra  fo r

screen in g  exp ression  lib r a r ie s . The poor le v e ls  o f s e n s i t iv i t y  and 

s p e c i f ic i t y  produced by EM-(3galFP2 would p ro h ib it i t s  use as a d ia g n o s tic  

reagen t and thus fu rth e r  work was con cen trated  upon the EM4 an tigen  clone.

3.3.3 THE IMMUNODIAGNOSTIC VALUE OF THE EM4 RECOMBINANT ANTIGEN

3.3.3.1 The d ia g n o s tic  s e n s i t iv i t y  o f  EM-{5galFP4

It was p o ssib le  to  use p u r ifie d  EM-PgalFP4 in ELISA but

because o f the denatured s t a t e  o f  th is  antigen , i t s  d ia g n o stic  va lu e  may 

have been reduced. To v e r ify  t h is  EM-(3galFP4 was p u r ifie d  under non­

denaturin g con d ition s, to  a llow  comparison o f i t s  s e n s i t iv i t y  by ELISA, w ith  

i t s  denatured cou n terpart. P u rity  o f  the antigen, fo llo w in g  g e l  f i l t r a t io n  

chromatography, was a sse sse d  by SDS-PAGE (Fig. 3.4). Contam ination o f  the 

fu sio n -p e p tid e  w ith  E, coll p ro te in s  and/or fu sio n -p e p tid e  degrad ation

products was evid en t (lane 2). The m ajority  o f  contam inants appeared to

correspond to  major £. coll p ro te in  bands, evident in the so lu b le  fr a c tio n  

(lane 1).

N ative |3-gal and denatured and non-denatured EM-PgalFP4 were 

te s te d  by ELISA u sin g  the 12 Alaskan human a n t i- E  multilocularis in fe c tio n  

se ra  (Fig. 3.5 A, B and C, r e s p e c t iv e ly ) . A h igh er co n cen tration  o f  the g e l 

f i l t r a t io n  p u r ifie d  an tigen  was used (5 pg ml- 1 ), r e la t iv e  to  SDS-PAGE 

p u r ifie d  (2 pg ml- 1 ), in order to  compensate fo r  the in creased  p ro te in  

co n cen tration  valu e r e s u lt in g  from E. coll contam ination. 7 o f the se ra  

te s te d  re acte d  w ith  the denatured an tigen  to  g iv e  mean 0DA92r>m absorbance
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F igu re  3.4 A n a ly sis  o f g e l  f i l t r a t io n  p u r ifie d  EM-pgalFP4 by SDS-PAGE and 

Coomassie b lue sta in in g .

Lane 1, EM4 lysogen  ly s a te  s o lu b le  fra c tio n .

Lane 2, g e l  f i l t r a t io n  p u r ifie d  EM~PgalFP4.

Samples w ere reduced p rio r  to  e le c tro p h o re s is . The undegraded EM-{3galFP4 

band is  arrowed.
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F ig u re  3.5 ELISA using non-denatured g - g a l (A), denatured EM-£galFP4 (B), 

non-denatured EM-(3galFP4 (5 pig ml- 1 ) (C), non-denatured GST (D) and non- 

denatured EM-GSTFP4 (E) as an tigen s te s te d  w ith 12 in d iv id u a l a n t i-

E. multilocularis s e ra  o f  Alaskan o rig in  (■ ) and normal human serum (-------).

A n tigens were used a t 2 pig ml-1  u n less o th erw ise  sp e c ifie d .
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v a lu e s  g r e a te r  than th a t produced by NHS (Fig. 3.5 B). The same number o f 

se ra  re acte d  w ith the non-denatured a n tig en  to  g iv e  absorbance read in gs 

g r e a te r  than that produced by NHS (Fig. 3.5 C). Sera r e a c t iv i t y  w ith n a tiv e  

p -g a l was h igh ly  v a r ia b le  (Fig. 3.5 A), r e f le c t in g  the la r g e  d iffe r e n c e s  in 

a n t i- p - g a l  r e a c t iv i t y  o f  in d iv id u a l p a tie n t sera. The g e n e r a lly  h igh er 

absorbance read in gs obtained w ith th is  an tigen , r e la t iv e  to  EM-pgalFP4, 

could have been produced by the in creased  amount o f p -g a l bound to  the 

ELISA p la te  on account o f th ere  being no a d d itio n a l p ro te in  fused  to  the 

m olecule. The n a tiv e  s t a t e  o f the fJ-gal may a ls o  have in creased  i t s  

a n t ig e n ic ity . The in fe c tio n  sera  which reacted  w ith p -g a l to  produce 

absorbance read in gs s ig n if ic a n t ly  g r e a te r  than NHS may have produced 

absorbance va lu es g r e a te r  than NHS w ith  EM~PgalFP4 on account o f  th e ir  high 

a n t i- p - g a l  r e a c t iv ity .

No s ig n if ic a n t  in crease  in s e n s i t iv i t y  was, th e re fo re , produced 

using non-denatured EM-pgalFP4. Absorbance read in gs were d ra m a tica lly  

low ered, however, u sin g  the non-denatured an tigen  (Fig. 3.5 C), r e la t iv e  to  

th ose produced w ith the denatured form (Fig. 3.5 B). Reasons fo r  th is  could 

have included, 1) fo ld in g  co n fig u ra tio n s  o f  the fu sio n -p e p tid e  which 

r e s u lte d  in ep ito p es being obscured by the p -g a l c a r r ie r  p rotein ,

2) d ecreased  binding o f the non-denatured p ro te in  to  the ELISA p la te , and

3) the a p p lica tio n  o f le s s  fu s io n -p e p tid e  than a n tic ip a te d  to  the ELISA 

p la te  due to  in a ccu ra te  fu sio n -p e p tid e  co n cen tration  determ ination, a r is in g  

from E. coll contam ination. EM~PgalFP4, p u r ifie d  in both the denatured and 

non-denatured forms, produced antibody binding g r e a te r  than th at o f  NHS 

w ith approxim ately 60% o f the human a n ti-E . multilocularls se ra  te s te d . The 

p resen ce o f the la rg e  (3-gal c a r r ie r  p ro te in , fused  to the an tigen , may have 

been a co n trib u to ry  fa c to r  lead in g  to  the poor a n tig e n ic ity  dem onstrated by 

the n a tiv e  fu sio n -p e p tid e . This, to g e th e r  w ith  problems o f (3-gal c r o s s ­

r e a c t iv i t y ,  E. coll contam ination and poor y ie ld  o f p u r ifie d  p ro te in , led  to 

the te s t in g  o f another E. coll ex p ressio n  system  fo r  the production o f  the 

EM4 antigen .

3.3.3.2 The production o f the EM4 antigen using pGEX-1

In an attem pt to  overcome some o f  the d isad van tages a sso c ia te d  

w ith  the EM-(3galFP4 an tigen , i t  was decided to ex p ress the EM4 pep tid e
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using another vecto r system , namely pGEX-1. I t  was a n tic ip a te d  th at, w ith 

the sm a ller GST p ro te in  (26 kDa), th ere  would be le s s  lik e lih o o d  o f the 

c a r r ie r  m olecule in te r fe r in g  w ith antibody binding, as may have been the 

case w ith  the {3-gal (116 kDa) fusion . The a f f in i t y  o f GST fo r  i t s

g lu ta th io n e  su b stra te  would a lso  a llow  e f f i c ie n t  p u r ific a tio n  o f  the fu sio n - 

p eptide from E. coli contam inants using non-denaturing cond ition s.

The EM4 cDNA in s e rt  was subcloned into  the Eco R1 s i t e  o f 

pGEX-1 and recom binants ex p ressin g  a n tig e n ic  GST/EM4 fu s io n -p e p tid e  were 

se le c te d . The recombinant TG2 E. coli was d esign ated  pGEX-1 /EM4. This was 

used to sy n th e size  p re p a ra tiv e  amounts o f  fu sio n -p ep tid e . The so lu b le  

fra c tio n  o f the pGEX-1/EM4 ly s a te  was incubated w ith g lu ta th io n e  agarose 

beads and an a liq u o t o f the e lu a te  was analysed  (Fig. 3.6) by SDS-PAGE

(lane 5), in p a r a lle l  w ith an a liq u o t o f the so lu b le  fra c tio n  (lane 4). 

A liq u o ts o f so lu b le  e x tr a c t  and p u r ifie d  GST, produced by a non-recom binant 

pGEX-1 transform ant, were a ls o  analysed  (lan es 1 and 2, re s p e c tiv e ly ) .

The recombinant fu sio n -p e p tid e  lane (lane 5) contained two 

major bands o f approxim ately 75 kDa and 68 kDa. This was the p red icted  Mr 

region  o f the GST fu sion , con sid erin g  the ad d ition  o f the 46 kDa EM4

an tigen  to  the 26 kDa GST c a r r ie r  m olecule. The presence o f  two bands in

th is  regio n  may have been due to  e ith e r  the rapid breakdown o f the fu sio n - 

peptide, or E. coli contam ination. The la t t e r  p o s s ib i l i t y  was u n lik e ly  as 

n e ith e r o f these bands was p resent in the non-recom binant GST lane 

(lane 2). The non-recom binant GST (lane 2) appeared to m igrate a t  a h igher 

Mr. than was expected. This may have been due to  poor re s o lu tio n  o f the 

m olecular weight marker bands in th is  regio n  o f the g e l  (lane 3). The smear 

below the GST band (lane 2) may have been caused by p r o te o ly tic  degradation  

or poor re so lu tio n  o f the p rotein  band. The GST fu sio n -p ep tid e , d esign ated  

EM-GSTFP4, was not observed in the so lu b le  fra c tio n  o f the non-recom binant 

pGEX-1 ly s a te  (lane 1) and, co n versely , a band corresponding to  GST was not 

seen in the so lu b le  fr a c tio n  o f  the pGEX-1 /EM4 ly s a te  (lane 4).

The recombinant pGEX-1/EM4 was, th e re fo re , capable o f 

sy n th e s iz in g  the EM4 an tigen  as a fu sion  w ith  GST. The fu sio n -p e p tid e  was 

so lu b le  and could be r e a d ily  obtained in a h ig h ly  p u r ifie d  form using a 

sim ple a f f i n i t y  chromatography step . In addition , the fu sion  was expressed  

at a high le v e l  r e la t iv e  to  X g t l l ,  f a c i l i t a t in g  the production o f la rg e  

q u a n titie s  o f p ro te in  from r e la t iv e ly  sm all cu ltu re  volumes. T his system ,
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F ig u re  3.6 A n alysis  o f  a f f i n i t y  p u r ifie d  GST and EM-GSTFP4 by SDS-PAGE and 

Coomassie blue sta in in g .

Lane 1, s o lu b le  fr a c tio n  o f  non-recom binant pGEX-1 crude ly s a te .

Lane 2, a f f i n i t y  p u r ifie d  GST.

Lane 3, m olecular w eight markers.

Lane 4, so lu b le  fr a c tio n  o f pGEX-1/EM4 crude ly s a te .

Lane 5, a f f i n i t y  p u r ifie d  EM-GSTFP4.

Samples were reduced p rio r  to  e le c tro p h o re s is .
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appeared, th e re fo re , to  have overcome many o f the d isa d va n tag es a sso c ia te d  

w ith exp ression  u sin g  X g t l l .

Although a more p r a c t ic a l  an tigen  was now a v a ila b le , i t  was 

s t i l l  unknown as to  what e f fe c t  t h is  exp ression  system  had had upon the 

a n tig e n ic ity  o f  EM4 and, hence, upon i t s  u se fu ln e ss  as a d ia g n o stic  reagen t. 

In order to  a s s e s s  the p ro p e rtie s  o f  th is  recombinant an tigen , th e re fo re , i t  

was te s te d  using serum pools and in d iv id u a l human in fe c tio n  sera.

3.3.3.3 The im m unological c h a ra c te r is a tio n  o f  EM-GSTFP4

3.3.3.3.1 D iagn ostic  s e n s i t iv i t y  r e la t iv e  to  EM-BgalFP4

To determ ine whether any improvement in d ia g n o stic  s e n s i t iv i t y  

had been achieved by ex p ressin g  the EM4 antigen  as a GST fusion , EM-GSTFP4 

was te s te d  by ELISA w ith the 12 Alaskan a n ti-E . multllocularis se ra  used 

p re v io u sly  w ith EM~PgalFP4 (Fig 3.5). 8 (67%) o f the in fe c tio n  se ra  re a cte d  

w ith  EM-GSTFP4 (Fig 3.5 E) producing absorbance read in gs g r e a te r  than th at 

o f  NHS. GST alone (Fig 3.5 D) produced a high background r e a c t iv i t y  w ith a l l  

in fe c tio n  se ra  and NHS. This may be accounted fo r  by th e re  being no p ro te in  

fused  to  the m olecule, r e s u lt in g  in a g r e a te r  amount o f  an tigen  bound to  

the ELISA p la te . The masking o f  GST e p ito p es by the EM4 p ro te in  in the case  

o f  the fu sio n -p e p tid e  may account fo r  the r e la t iv e ly  low background 

r e a c t iv i t y  o f  EM-GSTFP4 (Fig. 3.5 E). The p o s itiv e  re a c tio n  o f EM-GSTFP4 

w ith  67% o f in fe c tio n  sera , r e la t iv e  to  the va lu e  o f  60% obtained w ith  

EM-pgalFP4 (Fig. 3.5 B), su g g e ste d  th at a s l ig h t  improvement in the

d ia g n o stic  s e n s i t iv i t y  o f EM4 had been achieved using the pGEX-1 e x p ressio n  

vector.

3.3.3.3.2 D iagn ostic  s p e c i f ic i t y  te s te d  w ith pools o f  human sera

To e s ta b lis h  w hether the GST c a r r ie r  m olecule had any 

d e le te r io u s  a f f e c t s  upon the d ia g n o s tic  s p e c i f ic i t y  o f  the EM4 p eptide, 

te s t in g  w ith a d iv e rs e  range o f p ools o f  human in fe c tio n  se ra  was perform ed 

a s d escribed  p re v io u sly  fo r  EM-(3galFP4 (Fig. 2.13 A). The r e s u lt  o f  t e s t in g  

w ith s e r ia l  d ilu tio n s  o f a n ti-E . multllocularls, a n ti-E . granulosus, a n t i-  

T. solium and normal human serum p ools (Fig. 3.7 A), showed s ig n if ic a n t  

antibody binding only w ith the a n ti-E . multllocularls serum pool. A n ti-  

E. granulosus and a n ti-T . solium serum pools produced le v e ls  o f binding
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F ig u re  3.7 ELISA using EM-GSTFP4 (A) and GST (B) as a n tig e n s  (2 jig ml- 1 ) 

te s te d  w ith v a rio u s human in fe c tio n  serum pools. Pool o f  human a n t i-  

E. multilocularis se ra  (•); pool o f human a n ti-E . granulosus s e ra  (■ ); p ool 

o f  human a n t i-  T. solium se ra  (A); pool o f  normal human s e ra  (A).
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s im ila r  to  th at o f NHS. The background le v e l  o f binding produced by th e se  

serum p ools appeared to  be s ig n if ic a n t ly  le s s  than th at found w ith 

EM-pgalFP4 (Fig. 2.13 A), p a r t ic u la r ly  a t low d ilu tio n s . GST alone produced a 

background le v e l  o f binding w ith  a l l  serum p ools s im ila r  to  th at o f  NHS 

(Fig. 3.7 B). This co rre la te d  w ith the r e s u lt  obtained w ith  p -g a l

(Fig. 2.13 B), although background le v e ls  o f  c r o s s - r e a c t iv i ty  were reduced. 

The h igh er absorbance va lu es  produced by GST w ith a l l  serum pools, r e la t iv e  

to  those produced by EM-GSTFP4 w ith a n ti-E . granulosus, a n ti-T . solium and 

NHS serum pools could be accounted fo r  as mentioned p re v io u sly  (se ctio n  

3.3.3.3.1).

T estin g  o f EM-GSTFP4 and GST w ith  oth er d iv e rse  human 

in fe c tio n  serum pools was a ls o  perform ed (Table 3.2). No s ig n if ic a n t  le v e l  

o f anti-EM-GSTFP4 antibody binding was observed w ith  any o f  the serum 

pools, apart from the a n ti-E . multilocularis serum pool. Some v a r ia t io n  in 

background binding le v e ls  w ith  GST was apparent, however, w ith  d if fe r e n t  

serum pools. For example, the an ti-O n ch ocerca  volvulus serum pool produced 

a s ig n if ic a n t ly  g r e a te r  background response than the a n t i - T. solium or a n t i-  

S. mansoni serum pools. T his was presum ably due to  some anti-G ST response 

produced by th is  p a r a s it ic  in fe c tio n .

3.3.3.3.3 D iagn ostic  s p e c i f i c i t y  te s te d  w ith in d iv id u a l human s e ra

In d iv id u al human a n ti-E . granulosus and a n ti-T . solium se ra  

were te s te d  in ELISA w ith EM-GSTFP4 (Table 3.3). For in te r p r e ta tio n  o f 

s e r o p o s it iv ity  a th resh old  va lu e  was ca lcu la ted , a s  before , using the mean 

0D432nm absorbance va lu e  p lu s 2 S.D. obtained from te s t in g  o f the NHS pool, 

d ilu te d  1 in 500, a t o t a l  o f  8 tim es a g a in st EM-GSTFP4 (2 pg ml- 1 ). A 

th resh old  valu e o f  0.647 (0DA.32„ rfl) was ca lc u la te d . V alues eq u al to  or

g r e a te r  than the th resh old  va lu e  were considered  as p o s itiv e . The a n t i-  

E. granulosus and a n ti-T . solium s e ra  were each d ilu te d  1 in 500 and te s te d  

in d u p lica te  a g a in st EM-GSTFP4 (2 pg ml- 1 ) (Table 3.3). None o f  th e  se ra  

te s te d  produced a mean absorbance va lu e  equal to  or exceeding the th resh old  

value. T h erefo re, the EM-GSTFP4 an tigen  dem onstrated 100% d ia g n o stic  

s p e c ie s - s p e c i f ic it y ,  under th e se  cond ition s. The s e ra  were a ls o  te s te d  in 

p a r a lle l  w ith  GST alone (2 pg ml- 1 ) under id e n tic a l con d ition s (data not 

shown). None o f  the t e s t  se ra  produced a mean absorbance valu e equ al to  or 

exceeding the th resh old  ca lc u la te d  fo r  EM-GSTFP4, w ith th is  an tigen . A n ti-
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TABLE 3.2

The d ia g n o stic  s p e c i f ic i t y  o f  EM-GSTFP4, te s te d  u sin g  d iv e rse  human 

in fe c tio n  serum pools in ELISA (compare w ith Table 2 .1)

1 in  500 p o o led  human Ant ig e n _____________________

a n tise ru m  to;____________ EM-GSTFP4_______________ GST

E. multilocularls 1. 56 (1. 55, 1. 57) 0. 45 (0. 45, 0. 44)

E. granulosus 0. 32 (0. 30, 0. 33) 0. 32 (0. 31, 0. 33)

T. sol i um 0. 32 (0. 32, 0. 31) 0. 26 (0. 26, 0. 25)

Ascarls lumbrlcoides 0. 34 (0. 33, 0. 35) 0. 36 (0. 35, 0. 37)

Brugia malayi 0. 42 <0. 41, 0, 42) 0. 50 (0. 50, 0. 49)

Onchocerca volvulus 0. 48 <0. 50, 0. 45) 0. 58 (0. 56, 0. 60)

Schistosoma mansonl 0. 22 (0. 21, 0. 22) 0. 26 (0. 26, 0. 26)

Normal Human Serum 0. 34 (0. 32, 0. 35) 0. 37 (0. 36, 0. 38)

F ig u r e s  r e p r e s e n t  0DA92rim a b so rb a n ce  r e a d in g s  in  ELISA and a re  th e  

means o f th e  2 d e te r m in a tio n s  g iv e n  in  b r a c k e ts  

A n tig e n s  w ere used a t 2 pg ml-1
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TABLE 3.3

The d ia g n o stic  s p e c i f i c i t y  o f  EM-f3galFP2 and EM-GSTFP4 a sse sse d  using 

in d iv id u a l human a n ti-£ . granulosus and a n t i-  T. solium in fe c tio n  se ra

Serum No: O rigin Case h is to r v 2 4
E. granulosus 
in fe c tio n  sera

1 Kenya L iv e r c y s t  & DC. No su rg e ry + -
2 II L iv e r & abd. c y s ts . DC. 1 operation + -
3 If No cy st  d e tec te d  by u ltrasound + -
4 II L iv e r  & abd. c y s ts . DC. 3 op eration s + -

5 II No cy s t  d e tecte d  by U/S. Lung cy st ? + -
6 If L iv er c y s t. DC. 1 op eration + -
7 II L iv er c y s ts . DC. 1 op eration - -

8 II L iv e r & abd. c y s ts . DC? 1 operation + -
9 U.K. Albendazole. No fu rth e r  data. - -

10 II L iv er c y s ts . 1 op eration + -
11 91 No data a v a ila b le

T. solium 
in fe c tio n  sera

1 Zimbabwe No data a v a ila b le _ _

2 It II - -

3 II II - -
4 II

II
II
It

+ —
0
6 II II + -

7 II II + -

8 II II - -
9 Mexico II - -

10 II II - -
11 II II + -

T o ta l n e g a tiv e s: 10 - 22-

% s p e c i f ic i t ie s : 45% 100%

+ P o s it iv e  d ia gn o sis  

N egative d ia gn o sis

2 EM-pgalFP2 (te ste d  by immunob lo t  tin g)

4 EM-GSTFP4 (te ste d  by ELISA)

* Sera used fo r  d i f f e r e n t ia l  screen in g  o f the cDNA lib r a r y  

DC Daughter c y s ts
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GST r e a c t iv i t y  did not, th e re fo re , lead  to  the f a ls e  in te r p r e ta tio n  o f 

p o s it iv e  re a c tio n s  w ith any o f  the s e ra  te s te d .

3.3.3.3.4 D iagn ostic  s e n s i t iv i t y  te s te d  w ith in d iv id u a l human se ra

D iagn ostic s p e c i f i c i t y  and to  some e x te n t s e n s i t iv i t y  o f

EM-GSTFP4 had, th e re fo re , been a sse sse d , but in order to  f u l ly  ex p lo re  i t s  

p o te n tia l as a d ia g n o stic  reag en t, more e x te n s iv e  e va lu atio n  o f i t s  

s e n s i t iv i t y  was required. T e stin g  o f  the an tigen  by ELISA u sin g  49 

in d iv id u a l human a n ti-E . multllocularis in fe c tio n  se ra  was ca rr ie d  out 

(Table 3.4). Using the same c r ite r io n  as b e fo re  (sectio n  3.3.3.3.3), 18 o f  the 

49 s e ra  were diagnosed p o s itiv e . Only 4 o f the 8 Alaskan se ra  which had 

p re v io u sly  been shown to  produce absorbance read in gs g r e a te r  than NHS 

(Fig. 3.5 E), were p o s it iv e ly  diagnosed using the th resh old  value. This cu t­

o f f  point was thought to  be n ecessa ry , however, to  prevent fa ls e - p o s i t iv e  

d ia gn o sis  r e s u lt in g  from te c h n ic a l v a r ia b il i t y  and d if fe r in g  le v e ls  o f a n t i-  

GST r e a c t iv i t y  in in d iv id u a l sera . The EM-GSTFP4 an tigen  was, th e re fo re , 

found to have a d ia g n o stic  s e n s i t iv i t y  va lu e o f 37% under th ese  cond ition s. 

This im plied th a t, u sin g  th is  antigen , the m ajority  o f  human 

E. multllocularis in fe c tio n s  would not be s u c c e s s fu lly  immunodiagnosed. From 

Table 3.4, i t  can be seen th at a n tig en  reco g n itio n  was independent o f  serum 

o rig in  and where d ata  was a v a ila b le , did not have any obvious c o rre la tio n  

w ith drug treatm ent. The EM-GSTFP4 an tigen  only p o s it iv e ly  diagnosed 6 out 

o f 11 o f the se ra  included in the a n ti-E . multilocularis serum pool used fo r  

lib r a r y  screen in g. T his in d icated , a s  w ith  EM-pgalFP2, th at screen in g  w ith  

pools o f sera , as opposed to  pan els o f  in d iv id u a l sera , may not have been 

an ap p rop riate  s t r a te g y  fo r  the prelim in ary  is o la t io n  o f d ia g n o stic  clon es.

3.3.4 THE RECOGNITION OF EM-0galFP2 AND EM-GSTFP4 BY INDIVIDUAL

ANTI-E. MULTILOCULARIS SERA

T able 3.4 sum marises the respon ses o f  in d iv id u a l human a n t i-  

E. multllocularis se ra  to  the two recombinant an tigen s. The m ajority  o f  se ra  

which were diagnosed p o s it iv e  w ith  EM-GSTFP4 a ls o  produced a p o s it iv e  

re a c tio n  w ith  EM~PgalFP2. This may r e f le c t  the t i t r e  o f th ese  se ra  i.e . high 

t i t r e  se ra  may reco g n ise  both a n tig en s, in co n tra st to  low t i t r e  se ra  which 

may p o sse ss  low le v e ls  o f s p e c if ic  antibody to  one or oth er, or both
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TABLE 3.4

The d ia g n o stic  s e n s i t iv i t y  o f EM-0galFP2 and EM-GSTFP4 a sse sse d  using 

in d iv id u a l human a n ti-E . multilocularls in fe c tio n  se ra

Ser.No: Case h is to r v 2 4 Ser.No: Case h is to r v 2 4

1* ND — 26 No chemotherapy + —

2* II - - 27 Mebendazole - -
3* If - + 28 No chemotherapy + -
4* II - - 29 Mebendazole - -
5* II + + 30 II + -
6* II + + 31 If - -

7* II + + 32 II - -
8* II - - 33 II - -

9* II - + 34 If + +
10* II + + 35 No chemotherapy + -

11* II + - 36 II + -
12 II + + 37 II + +
13 II - - 38 ND + +
14 II + + 39 II + -
15 II - - 40 II - +
16 II - - 41 If + +
17 II - - 42 II - -
18 No chemotherapy + + 43 II + -
19 If + + 44 II + -
20 Mebendazole - - 45 II - -
21 II + - 46 II + -

22 II - + 47 It - +
23 II - + 48 II - -

24
25

II
II

+
+

49 II
+ ““

P o s it iv e  to ta ls : 12+ 12+ 14+ 6+

EM-{3galFP2 t o t a l  p o s it iv e s = 26 % s e n s i t iv it y = 53%

EM-GSTFP4 t o t a l  p o s it iv e s = 18 % s e n s i t iv i t y = 37%

Sera o rig in s: 1 -3 7  = Europe 

38-49 = Alaska 

+ P o s it iv e  d ia gn o sis  

N egative d ia gn o sis

2 EM~3galFP2 (te ste d  by imm unoblotting)

4 EM-GSTFDP4 (te ste d  by ELISA)

* Sera used fo r  d i f fe r e n t ia l  screen in g  o f the cDNA lib r a r y  

ND No data a v a ila b le
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an tigen s. The c h a r a c te r is t ic s  o f in d iv id u a l E. multilocularls in fe c tio n s  may 

a ls o  in flu en ce  th is  co -reco g n itio n . I n s u ff ic ie n t  case  h is to r y  d ata  was 

a v a ila b le  to  s u b s ta n tia te  th is , but EM-{3galFP2 was recogn ised  by more 

p a tien t se ra  than EM-GSTFP4, although th is  may have been the r e s u lt  o f the 

d if fe r e n t  d ia g n o stic  c r i t e r ia  used. The n a tiv e  an tigen  corresponding to  EM2 

may, th e re fo re , be p resen ted  to  the h ost immune system  more fre q u e n tly  in 

AE cases than th at corresponding to  EM4.

3.3.5 THE ONSET OF HOST RECOGNITION OF CLONED ANTIGENS

A mouse model was used to  e s ta b lis h  whether the recom binant 

a n tig en s EM-(3galFP2 and EM-{3galFP4 were recogn ised  by in fe c tio n  se ra  

s h o r tly  a f t e r  in fe c tio n . F ollow ing in tra p e r ito n e a l in o cu la tio n  o f 

p ro to sco le ce s, 7 mice were bled s e q u e n tia lly  every  14 days fo r  a t o t a l  o f 

168 days. 3 co n tro l mice were a ls o  bled at the same time in te r v a ls . The 

se ra  obtained were used to  in v e s t ig a te  changing an tigen  re co g n itio n  

p r o f i le s  and the onset o f reco g n itio n  o f  the cloned an tigen s. Equal volumes 

o f  co n tro l mice se ra , taken from over the f u l l  time course, were pooled and 

used as the normal mouse serum (NMS).

Sera were i n i t i a l ly  te s te d  a g a in st EmAgPP (Fig. 3.8). T his 

an tigen  e x tr a c t  was used in stea d  o f crude EmAgA as p revio u s t e s t in g  o f

immunoblots o f EmAgPP and EmAgA w ith  ra b b it a n t i- r a t  serum (Sigma), showed 

the la t t e r  contained many co tton  ra t  h ost an tigen s, whereas the form er

e x tr a c t  contained no d e te c ta b le  h ost contam ination (data not shown). The 

use o f EmAgPP thus prevented the d e te c tio n  o f  host p ro te in s  by a n ti-c o tto n  

ra t  an tib o d ies gen erated  by contam inating co tton  ra t  p ro te in s  introduced 

w ith the p u r ifie d  p ro to sco le ce s  inoculum, Sera from a l l  mice, except number 

6 (panel F), produced co n siste n t immune reco g n itio n  p r o f i le s  over the time 

course o f in fe c tio n , major a n tig e n s  not recogn ised  by NMS (lane 1) o f 

approxim ate Mr s 130, 86, 80, 67, 61, 55, 50 and 47 kDa, were d etected .

S ev e ra l a d d itio n a l an tig en s o f 44, 42, 22, 20, 18, 16, 14 and 12 kDa were

a ls o  d etected  by s e ra  from mice numbers 4, 5 and 7 (panels D, E and G, 

r e s p e c tiv e ly ) . A g ra d u a l in crea se  in the in te n s ity  o f  immune response, from 

the time o f on set, was observed w ith  most major an tigen s, the response 

being su sta in ed  over the time period. Some v a r ia tio n  was apparent, however, 

in the time o f onset and maintenance o f response to  some an tigen s. Sera



-133-

F igu re  3.8 SDS-PAGE and immunob lo t  t in g  o f  EmAgPP w ith  mouse in fe c tio n  se ra . 

(A) mouse number 1 sera , (B) mouse number 2 sera , (C) mouse number 3 se ra , 

(D) mouse number 4 sera , CE) mouse number 5 se ra , (F) mouse number 6 s e ra  

and (G) mouse number 7 sera .

Lane 1, pool o f  normal mouse sera .

Lane 2, se ra  taken 14 days post in fe ctio n .

Lane 3, s e ra  taken 28 days p o stin fe c tio n .

Lane 4, s e ra  taken 42 days post in fe ctio n .

Lane 5, se ra  taken 56 days post in fe c t  ion.

Lane 6, se ra  taken 70 days post in fe c t  ion.

Lane 7, s e ra  taken 84 days p o stin fe c tio n .

Lane 8, se ra  taken 98 days post in fe c t  ion.

Lane 9, s e ra  taken 112 days post in fe c t  ion.

Lane 10, s e ra  taken 126 days post in fe c t  ion.

Lane 11, se ra  taken 140 days post in fe e t  ion.

Lane 12, se ra  taken 154 days post in fe c t  ion.

Lane 13, se ra  taken 168 days post in fe c t  ion.

50 pg o f p ro te in  was used per s tr ip . P ro te in s  were reduced p rio r  to  

e le c tro p h o re s is .
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from mouse number 6 (panel F) only produced a weak response to  the 86 kDa 

and 20 kDa an tigen s, which were not d etected  by NMS (lane 1).

Crude EM2 lysogen  ly s a te  was electrop h o resed , immunoblotted

and te s te d  w ith  the mouse in fe c tio n  se ra  (Fig. 3.9). Mouse anti-EM -8galFP2 

serum was used to  lo c a te  the fu sio n -p e p tid e  band (lane 1). No s ig n if ic a n t  

binding at the o f EM-8galFP2 was observed over the e n t ir e  tim e course 

w ith any o f the mouse in fe c tio n  sera . The n a tiv e  an tigen  corresponding to

EM2 did not, th e re fo re , s tim u la te  a s p e c if ic  host immune response w ith in  the

168 day in fe c tio n  period in th is  typ e o f anim al model system .

Crude EM4 lysogen  ly s a te  was electrop h o resed , immunoblotted

and te s te d  w ith the mouse in fe c tio n  se ra  (Fig. 3.10). Mouse anti-EM -8galFP4 

serum was used to  lo c a te  the fu sio n -p e p tid e  band (lane 1). With a l l  mice 

sera , except number 6 (panel F), a grad u al in cre a se  in antibody binding to 

EM~3galFP4 was observed. No d ecrease  in r e a c t iv i t y  was observed over the 

time period. The onset o f d e te c ta b le  antibody binding to  th is  an tigen , as 

determ ined by a s ig n a l in te n s ity  g r e a te r  than th at produced by NMS 

(lane 2), was found w ith the se ra  from mice numbers 1 (panel A), 2 (panel 

B), 4 (panel D), 5 (panel E) and 7 (panel G), 42 days p o s tin fe c tio n  (lane 5). 

Mouse number 3 se ra  (panel C), produced a p o s it iv e  re a ctio n  a f t e r  70 days 

(lane 7). Mouse number 6 se ra  (panel F) produced no d e te c ta b le  antibody 

binding to th is  an tigen  throughout the time period. The r e la t iv e ly  broad 

fu sio n -p e p tid e  band and the o cca sio n a l presence o f a d d itio n a l low er Mr 

bands in th ese  immunoblots were produced by p r o te o ly tic  d egrad ation  o f  the 

fu sio n -p e p tid e  and a n ti-£ . coll c r o s s - r e a c t iv ity .  To ensure th a t the 

in crea se  in antibody binding was not due to  a n t i- p - g a l c r o s s - r e a c t iv i ty ,  

crude ly s a te  o f a non-recom binant X g t l l  lysogen  was electrop h o resed , 

immunoblotted and te s te d  w ith  p ools o f a l l  mice in fe c tio n  se ra  (panel H). No 

s ig n if ic a n t  in crea se  in in te n s ity  o f  the p -g a l band (lane 1) was observed 

over the tim e course, proving the re co g n itio n  o f EM-PgalFP4 to  be s o le ly  

due to re a c tio n  w ith p a r a s ite - s p e c i f ic  antibody.

Follow ing com pletion o f  the 168 day in fe c tio n  period, the mice 

were k il le d  by c e r v ic a l d is lo c a tio n  and d is s e c te d  (Fig. 3 .11 A and B). No 

obvious abdominal c a v ity  c y s t  mass could be seen in mouse number 6 

(Fig. 3 .11 A, number 6). The c h a r a c te r is t ic s  o f  each in fe c tio n  were noted, 

and a summary o f th ese  fin d in g s i s  presented in T able 3.5. The mice which 

produced a f u l l  immune response (numbers 1-5  and 7) contained la rg e
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F ig u re  3.9 SDS-PAGE and immunob lo t  t in g  o f crude EM2 lysogen  ly s a te  w ith  

mouse in fe c tio n  sera .

(A) mouse number 1 sera , (B) mouse number 2 sera , (C) mouse number 3 se ra , 

0 )  mouse number 4 sera , (E) mouse number 5 sera , (F) mouse number 6 s e r a  

and CG) mouse number 7 sera .

Lane 1, mouse anti-EM -$galFP2 serum.

Lane 2, pool o f  normal mouse sera .

Lane 3, se ra  taken 14 days p o stin fe c tio n .

Lane 4, se ra  taken 28 days post in fe c tio n .

Lane 5, se ra  taken 42 days post in fe c t  ion.

Lane 6, se ra  taken 56 days post in fe c t  ion.

Lane 7, se ra  taken 70 days post in fe c t  ion.

Lane 8, se ra  taken 84 days post in fe c t  ion.

Lane 9, se ra  taken 98 days post in fe c t  ion.

Lane 10, s e ra  taken 112 days post in fe c t  ion.

Lane 11, s e ra  taken 126 days p o stin fe c tio n .

Lane 12, s e ra  taken 140 days post in fe c t  ion.

Lane 13, s e ra  taken 154 days post in fe c t  ion.

Lane 14, s e ra  taken 168 days post in fe c t  ion.

50 pg o f p ro te in  was used per s t r ip . P ro te in s were reduced p rio r  to  

e le c tro p h o re s is . The undegraded EM~PgalFP2 band i s  arrowed.
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F ig u re  3.10 SDS-PAGE and immunoblotting o f crude EM4 and X g t l l  ly so g en  

ly s a te s  w ith  mouse in fe c tio n  sera .

(A) mouse number 1 sera , (B) mouse number 2 sera , (C) mouse number 3 se ra ,

(D) mouse number 4 sera , (E) mouse number 5 sera , (F) mouse number 6 s e r a

and (G) mouse number 7 se ra  te s te d  w ith  crude EM4 lysogen  ly s a te .

(H) pools o f a l l  mice se ra  te s te d  w ith crude X g t l l  lysogen  ly s a te .

Lane 1, mouse anti-EM~PgalFP4 serum (A-G), mouse a n t i- p - g a l  serum (H).

Lane 2, pool o f normal mouse sera.

Lane 3, s e ra  taken 14 days post in fe c t  ion (A-G), pool (H).

Lane 4, se ra  taken 28 days p o s tin fe c tio n  (A-G), pool (H).

Lane 5, se ra  taken 42 days p o s tin fe c tio n  (A-G), pool (H).

Lane 6, se ra  taken 56 days p o s tin fe c tio n  (A-G), pool (H).

Lane 7, s e ra  taken 70 days post in fe c t  ion (A-G), pool (H).

Lane 8, s e ra  taken 84 days post in fe c t  ion (A-G), pool (H).

Lane 9, se ra  taken 98 days p o s tin fe c tio n  (A-G), pool (H).

Lane 10, se ra  taken 112 days p o s tin fe c tio n  (A-G), pool (H).

Lane 11, se ra  taken 126 days post in fe c tio n  (A-G), pool (H).

Lane 12, se ra  taken 140 days post in fe c tio n  (A-G), pool (H).

Lane 13, se ra  taken 154 days p o s tin fe c tio n  (A-G), pool (H).

Lane 14, se ra  taken 168 days post in fe c tio n  (A-G), pool (H).

50 pg o f p ro te in  was used per s t r ip . P rote in s w ere reduced p rio r  to  

e le c tro p h o re s is . The undegraded EM-|3galFP4 (A-G) ( ◄  ) and p -g a l (H) ( <  ) 

bands are  arrowed.
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F ig u re  3 .11  D issectio n  o f exp erim en tally  in fe c te d  mice to  show 

c h a r a c te r is t ic s  o f E. multilocularis w ith in  the abdominal c a v ity .

(A) 1 -7 , mice numbers 1 -7 .

(B) D e ta il o f mouse number 1 in fe c tio n . One la rg e  E. multilocularis c y s t  

mass (pale w hite dappled co lo u ratio n ) in the p o s te r io r  region  o f the 

abdominal c a v ity  (foreground), a sm aller cy s t  im m ediately adjacent to  t h is  

and another sm all cy st  a tta ch ed  to  the l iv e r  in the a n te r io r  region  o f  the 

abdominal c a v ity  are v is ib le .
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B
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TABLE 3.5

The c h a r a c te r is t ic s  o f E. multilocularis from exp erim en tally  in fe c te d  mice

Mouse M etacestode cv st  c h a r a c te r is t ic s

No: Location M o r D h o lo s r v No: Mass

1 Liver/low.abd./TBC/l la r g e  cy st V. NP. No CC 12 2 .18g

2 Liver/TBC II 10 1.94g

3 Large l iv e r  cyst/TBC II 12 3.23g

4 Liver/TBC IV 6 2.39g

5 II II 8 2.76g

6 No l iv e r  cyst/Sm all S.C.? cy st V. MP/FD. Large CC 1 0.10g

7 Liver/low.abd./TBC/l v .la rg e  cy st V. NP. No CC 4 2.84g

TBC Throughout body c a v ity

S.C. Subcutaneous

V. V e s ic le s  p resent

NP. No p ro to sco le ce s  p resen t

MP/FD Many p ro to sco le ce s , f u l ly  developed

CC C alcareous co rp u sc le s
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cy st m asses w ith in  the abdominal c a v ity  (Fig. 3 .11 A and B). A ll  had at

le a s t  one cy st mass a ttach ed  to  the liv e r , w ith the rem ainder spread

throughout the body c a v ity . The c y s ts  contained v e s ic le s , ty p ic a l  o f  normal 

E. multilocularis m etacestodes but a l l  were s t e r i le .  Approxim ately the same 

mass o f  cy s t  m a teria l was p resen t in each o f  th ese  mice and a l l  contained 

m u ltip le  c y s ts  (Table 3.5). The rem aining mouse (number 6) harboured only 

one very  sm all cy s t, found a tta ch ed  sub cutan eou sly  to  the body c a v ity  w all, 

and th is  contained many f u l ly  developed, v ia b le  p ro to sco le ce s. The a ty p ic a l 

in fe c tio n  found in th is  case, explained  the lack  o f immune response 

gen erated  by th is  mouse. The d iffe r e n c e  in in fe c tio n  c h a r a c te r is t ic s  could 

have been due to inherent r e s is ta n c e  o f  th is  mouse to in fe c tio n  or, as was 

more l ik e ly  to  be the case, due to  te c h n ic a l e rro r  i.e . the p ro to sco le ce s

could have been introduced in to  the subcutaneous region o f  the mouse

abdominal c a v ity  at the tim e o f  in ocu latio n .

The immune response produced by the rem aining mice proved to. 

be the r e s u lt  o f the ste a d y  grow th o f  E. multilocularis m etacestode c y s ts  

w ith in  the body ca v ity . The on set o f  reco g n itio n  o f EM-0galFP4 w ith in  42 to  

70 days p o s tin fe c tio n  was, th e re fo re , s o le ly  due to  the n a tiv e  an tigen  

corresponding to th is  cloned an tigen , being produced by the developing 

m etacestodes. This s u g g e s ts , although the human condition may d i f f e r  in 

many r e s p e c ts  from the anim al system , th at the n a tiv e  an tigen  corresponding 

to EM4 may w e ll s tim u la te  an immune response in the human h ost w ith in  a 

r e la t iv e ly  sh ort time period  fo llo w in g  in fe c tio n . This might, th e re fo re , 

f a c i l i t a t e  e a r ly  d ia gn o sis  in human ca se s  where th is  an tigen  i s  recogn ised .
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3.4 DISCUSSION

3.4.1 THE DIAGNOSTIC VALUE OF p-GAL FUSION-PEPTIDE ANTIGENS

The only E. multilocularls-s p e c if ic  immunodiagnostic a n tig en  to  

have been iso la te d , to  date, has been Em 2a (G o ttste in  et al, 1983; 

G o tts te in , 1985). This an tig en  e x h ib its  high s p e c i f i c i t y  (95%) and a high 

d ia g n o stic  s e n s i t iv it y  (94%). Recombinant a n tig en s u s e fu l fo r  immuno- 

d iagn o sis, should, th e re fo re , ach ieve comparable 090%) le v e ls  o f  s p e c ie s -  

s p e c i f i c i t y  and d ia g n o stic  s e n s it iv it y .

On te s t in g  w ith  pan els o f in d iv id u a l human a n ti-£ . granulosus 
and a n ti-T . solium in fe c tio n  sera , the EM-pgalFP2 recombinant an tigen  was 

found to  c r o s s -r e a c t  w ith a number o f th ese  h etero lo go u s sera . The an tigen  

dem onstrated a s p e c i f ic i t y  va lu e  o f 45%. T e stin g  w ith in d iv id u a l human a n t i-  

E. multilocularis se ra  showed th is  an tigen  had a d ia g n o stic  s e n s i t iv i t y  o f 

53%. Both o f  th ese v a lu e s  in d ica ted  th at th is  an tigen  did not have the 

d esired  c h a r a c te r is t ic s  n e ce ssa ry  fo r  a d ia g n o stic  reagen t. The a n tig en  was 

i n i t i a l ly  shown to  be s p e c ie s - s p e c if ic ,  a t the immunological le v e l, using 

pools o f human in fe c tio n  s e ra  (Chapter 2). The e f fe c t  o f d ilu t in g  out the 

anti-EM -PgalFP2 antibody w ith in  high s p e c if ic  antibody t i t r e  in d iv id u a l sera  

when the se ra  were pooled was, th e re fo re , the reason fo r  the ambiguous 

r e s u lt s  produced using th e serum pools. The recen t work o f  V ogel et al
(1988), rep o rted  s im ila r  fin d in gs. These w orkers d i f fe r e n t ia l ly  screened 

immunoblots o f E. multilocularis fu s io n -p e p tid e  an tigen s, produced by 

lyso g en s o f X g t l l  recom binant clon es is o la te d  from a m etacestode cDNA 

lib r a r y , using pools o f human anti-2:, multilocularis and a n ti-£ . granulosus 
in fe c tio n  sera . Of the 11 clo n es te s te d , 6 were found to  re a ct s tr o n g ly  w ith 

the a n ti-£ . multilocularis serum pool, and 2 o f  th ese  were found to  c r o s s -  

re a c t  w ith  the a n ti-£ . granulosus serum pool. 4 clones were, th e re fo re , 

p u ta t iv e ly  E. multilocularis-s p e c if ic  accord in g to  th ese data. On fu rth e r  

te s t in g  o f th ese  by im m unoblotting, using in d iv id u a l a n ti-£ . multilocularis, 
anti-2T. granulosus and a n ti-T . solium in fe c tio n  sera , none o f  th ese 

recom binant a n tig en s were found to  p o ssess  the d esired  le v e ls  o f  s p e c ie s -  

s p e c i f i c i t y  and d ia g n o stic  s e n s i t iv i t y  n e ce ssa ry  fo r  use a s d ia g n o stic  

reag en ts. The subsequent te s t in g , by th ese  w orkers, o f a recom binant clone 

whose lysogen  did not produce a s ta b le  p -g a l fu sio n -p e p tid e , using
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in d iv id u a l in fe c tio n  sera , did, however, r e v e a l a clone w ith  s u ita b le  

im munodiagnostic op eratin g  c h a r a c te r is t ic s  (i.e . s p e c i f ic i t y  and s e n s i t iv i t y  

>90%). The fu sio n  produced by th is  clone was found to  degrade to  g iv e  two 

p ro te in s  o f 31 kDa and 33 kDa. Immunoblotting o f crude lysogen  ly s a te  o f 

th is  clone was used to t e s t  the d ia g n o stic  p o te n tia l o f  th ese  p ep tid es. The 

presence o f many E. coll p ro te in s  w ith in  the s iz e  range o f  th ese

recombinant p ep tid es would, however, be a p o te n tia l source o f  in co rre ct 

d ia gn o sis  should they be used ro u tin e ly  w ith immunoblotting as the 

d ia g n o stic  technique. The s iz e  o f th ese  p ro te in s  would a lso  make th e ir

p u r if ic a tio n  from E. coll components d i f f i c u l t  by e le c tr o e lu tio n  from SDS- 

PAGE g e ls  or g e l  f i l t r a t io n  chrom atography fo r  subsequent use in techn iques 

such as ELISA.

A ll fu rth e r  work regard in g  d ia g n o sis  concentrated upon the EM4 

an tigen  due to the in ap p rop riate  c h a r a c te r is t ic s  exh ib ited  by the EM2

recombinant antigen . The t e s t in g  o f e le c tr o e lu te d  EM-{3galFP4 by ELISA, using 

a lim ited  number o f in d iv id u a l human a n ti-E . multllocularls se ra , produced a 

d ia g n o stic  s e n s i t iv i t y  va lu e  o f  60%. This va lu e  was too low fo r  d ia g n o stic  

purposes and methods o f improving the d ia g n o stic  s e n s i t iv it y  o f  the EM4

an tigen  had to  be employed. The EM-pgalFP4 an tigen  was denatured when 

p u r ifie d  by e le c tr o e lu tio n , e f f e c t iv e ly  d e stro y in g  any conform ational 

e p ito p es that may have been formed. This could have been a co n trib u to ry  

fa c to r  lead in g  to  the low le v e ls  o f  s e n s i t iv i t y  dem onstrated by th is  

an tigen . EM-PgalFP4, was, th e re fo re , p u r ifie d  using the non-denaturing 

technique o f g e l  f i l t r a t io n .  T his method a llo w s the recovery  o f  so lu b le , 

n a tiv e  p ro te in  (C arro ll and Laughon, 1987). The non-denatured EM~PgalFP4 

was te s te d  w ith the same number o f in d iv id u a l human a n ti-E . multilocularls 
se ra  but s e n s i t iv i t y  was not s ig n if ic a n t ly  improved. The p resence o f the 

la rg e  {3-gal c a r r ie r  p ro te in  was thought to  account fo r  th is . Although non- 

d en atu ration  le a v e s  conform ational e p ito p es in ta c t, i t  a ls o  a llo w s the p -g a l 

c a r r ie r  p ro te in  to  assume i t s  n a tiv e  form. With such a la r g e  p rotein  

adjacent to  the fo re ig n  peptide, the fo ld in g  o f the p -g a l p ro te in  may have 

obscured many prim ary and secondary s tr u c tu r e  ep ito p es on the antigen 

m olecule. The la rg e  o v e r a ll  d ecrease  in 0DA.32r,rri absorbance read ings 

produced using th is  non-denatured recombinant antigen, may have been a 

consequence o f  th is  red u ction  in the number o f a v a ila b le  ep ito p es.

In an attem pt to improve the a n tig e n ic ity  o f  the EM4 peptide,
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i t  was p u rifie d  under non-denaturing con d ition s w ith the (3-gal c a r r ie r  

p ro te in  having been replaced  by a GST m olecule. This was achieved by using 

one o f the pGEX s e r ie s  o f v e c to r s  which bestow a number o f d e s ira b le  

c h a r a c te r is t ic s  upon recombinant p ep tid es (Smith and Johnson, 1988), 

designed fo r  use as cloned immunodiagnostic reagen ts.

3.4.2 THE IMMUNODIAGNOSTIC VALUE OF THE EM4 ANTIGEN SYNTHESIZED

AS A GST FUSION-PEPTIDE

The pGEX v e cto rs  have been used to  s u c c e s s fu lly  ex p ress 

P. falciparum an tig en s, human a u to -a n tig e n s, a fragm ent o f the a -ch ain  o f 

the murine T - c e l l  recep to r and murine in terleu k in  4 (Smith and Johnson, 

1988). The s iz e  o f th ese fu s io n -p e p tid e s  ranged from 32 kDa to 84 kDa and 

the m ajority  were so lu b le  and could, th e re fo re , be p u rifie d  by a f f i n i t y  

chromatography on im m obilised g lu ta th io n e . It was a n tic ip a te d , th e re fo re , 

that th is  vecto r  system  would be capable o f sy n th e siz in g  the 46 kDa EM4 

an tigen  as a 72 kDa fu sion  w ith the 26 kDa GST c a r r ie r  p ro tein . The 

recombinant an tigen  produced could then be p u r ifie d  by a f f in i t y  

chromatography using non-denaturing conditions. The sm all GST c a r r ie r  

protein , r e la t iv e  to (3-gal, would, i t  was a n tic ip ated , not in te r fe r e  to  the 

same exten t w ith  antibody binding to  the EM4 an tigen  when in the non- 

denatured s ta te .

The EM4 cDNA was subcloned into  the pGEX-1 vecto r  and fu sio n - 

p eptide s y n th e s is  was induced by the ad d ition  o f IPTG. A recombinant 

peptide o f approxim ately 70 kDa was produced, as p red icted . I t  was p u r ifie d  

from E. coli ly s a te s  by im m obilised g lu ta th io n e  a f f in i t y  chromatography, a 

process made p o ss ib le  by the s o lu b il i t y  o f the EM4/GST fusion. D etection  o f 

recombinant co lo n ies  by immunoassay proved the a n tig e n ic ity  o f EM4 had been 

m aintained, in d ica tin g  that the recombinant m olecule had been c o r re c tly  

syn th esized . The ease o f p u r if ic a tio n  o f  th is  fu sio n  made i t  p a r t ic u la r ly  

s u ita b le  fo r  ELISA.

The GST fu sion  dem onstrated a s lig h t  in crea se  in imm unological 

s e n s i t iv i t y  r e la t iv e  to  i t s  (3-gal counterpart on te s t in g  w ith a lim ited  

number o f in d iv id u a l a n ti-E . multilocularis sera , and te s t in g  w ith p ools o f 

in fe c tio n  se ra  in d icated  that d ia g n o stic  s p e c i f ic i t y  had been m aintained. 

The absorbance read in gs produced w ith the a n ti-E . multilocularis serum pool
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had increased, and those obtained w ith  the anti-IT. granulosus, a n t i-  

T. solium and NHS serum p ools had decreased, r e la t iv e  to  the va lu es 

obtained w ith the EM4 an tigen  fused  to  p -ga l. The a n tig e n ic ity  o f the EM4 

peptide, had, th e re fo re , improved as a GST fu sio n  and i t s  background 

r e a c t iv i t y  had been lowered. I t  was a n tic ip a te d  th at ce rta in  p a r a s it ic  

in fe c tio n s , p a r t ic u la r ly  sch isto so m ia sis , may produce an anti-G ST immune 

response w ithin  p atien t se ra  (Taylor et al, 1988), which may c r o s s -r e a c t  

w ith the GST c a r r ie r  p ro te in  in immunoassays. T his did not appear to  be the 

case  when the a n ti-S . mansonl serum pool was te s te d  a g ain st the EM4/GST 

fu sion  and GST alone. P o ssib le  reasons fo r  the lack  o f reco g n itio n  may have 

been due to d ilu tio n  o f h igh anti-G ST antibody se ra  when the s e ra  were 

pooled, or d iscre p a n cie s  in the s tr u c tu r e  o f the GST m olecules (Smith et 
aL, 1986; T aylor et al., 1988). The anti-f?. malayi and a n ti-0 . volvulus serum 

pools produced the h ig h est background 0DA32rirfl absorbance va lu es  o f 0.42 

and 0.48, r e s p e c t iv e ly  (Table 3.2). High background was not produced by the 

p -g a l fu sion  w ith th ese  serum p ools (Table 2 ,1), T h erefore, th ese p a r a s ite s  

stim u la te  a host immune response which c r o s s - r e a c ts  w ith the S. japonlcum 
GST c a r r ie r  m olecule. The GST produced by th e se  organism s must, th e re fo re , 

show s ig n if ic a n t  homology to  th at o f S. japonlcum. The background 0DA32r,m 

absorbance read in gs produced by th e se  two serum pools, a lthough 

s ig n if ic a n t ly  h igher than those produced by the oth er serum pools, did not 

approach the th resh old  0DA3:2r>rfl absorbance valu e o f  0.647, used as the b a s is  

fo r  determ ining s e r o p o s it iv ity .  The EM4 an tigen  expressed  as a fu sio n  w ith 

GST proved, th e re fo re , to  be a b e t te r  ELISA reagen t than the same an tigen  

fused to p -ga l.

In order to  a s s e s s  the immunodiagnostic value o f  th is  

recombinant an tigen  fu rth e r, i t  was te s te d  by ELISA using panels o f human 

anti-IT. multllocularls, a n ti-E. granulosus and a n t i - 7*. solium in fe c tio n  sera . 

None o f the anti-IT. granulosus and a n t i - T. solium se ra  were diagnosed 

p o s it iv e  w ith th is  antigen , r e s u lt in g  in a d ia g n o stic  s p e c i f i c i t y  o f  100%. 

Only 18 o f  the 49 anti-IT. multilocularls se ra  were diagnosed p o s it iv e  w ith 

th is  an tigen  using a d ia g n o stic  th resh old  value, r e s u lt in g  in a d ia g n o stic  

s e n s i t iv i t y  o f 37%. In terms o f s p e c if ic i ty ,  th e re fo re , the EM-GSTFP4 

an tigen  had c h a r a c te r is t ic s  s u ita b le  fo r  immunodiagnosis i.e . >90%. 

S e n s it iv ity  was not, however, in the region  required  090%), renderin g the
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antigen , i f  used alone, in ap p rop riate  fo r  d ia gn o sis  based on the d e te c tio n  

o f  c ir c u la t in g  fr e e  antibody.

3.4.3 THE EARLY HOST RECOGNITION OF EM2 AND EM4 CLONED ANTIGENS

The d ia g n o stic  p olyp ep tid e  Em 2a, is o la te d  by con ven tion al 

methods, has been assumed, on account o f anti-Em 2a a n tib o d ies  being 

p resent in alm ost a l l  E. multilocularis in fe c te d  p a tie n ts , to  s tim u la te  an 

e a r ly  humoral response fo llo w in g  in fe c tio n  (Vogel et al., 1988). In the

cu rrent stu d y  a mouse in fe c tio n  model was used to  determ ine the tim e taken 

b efo re  onset o f a humoral immune response which could be d etected  by the 

two cloned an tigen s, EM2 and EM4.

Sera taken at re g u la r  in te r v a ls  from in fe c te d  mice were te s te d  

a g ain st immunoblots o f p ro to sco le x  m a teria l and (3-gal fu s io n -p e p tid e  

an tigen s. A ll  but one o f the mice recogn ised  most o f  the E. multilocularis 
an tigen s d etected  p re v io u sly  by human a n ti-E . multilocularis in fe c tio n  se ra  

(Fig. 2.6 A). L ingelbach and Hinz (1984) reported  s im ila r  fin d in g s using se ra  

obtained 90 days p o s tin fe c tio n  from in tra p e r ito n e a lly  in fe c te d  NMRI-mice. 

None o f the mice se ra  d e tecte d  the recombinant EM2 an tigen  fo r  the e n t ir e  

time course o f in fe ctio n . This may have re s u lte d  from d iscre p a n cie s  between 

the experim ental anim al and human in fe c tio n s , which have been d iscu ssed  

e a r l ie r  (sectio n  3.1.5). The recom binant EM4 an tigen  was d etected , however, 

by most mice s e ra  a f te r  42 days, w ith  the se ra  o f  one mouse producing a 

re a ctio n  a f t e r  70 days. Of th ese  in fe c te d  mice, none harboured f e r t i l e  c y s ts  

which is  the u su al condition  found in the case  o f human in fe c tio n  (Rausch 

and Wilson, 1973). In th is  re sp e ct, th e re fo re , the mouse in fe c tio n s  appeared 

to  c lo s e ly  mimic the human condition . The n a tiv e  p a r a s ite  an tigen  

corresponding to  the EM4 clone, was, th e re fo re , shown to  be capable o f 

in it ia t in g  an e a r ly  immune response in E. multilocularis mouse in fe c tio n s . 

Should th is  be the case in man, th e  rapid  response gen erated  might a llow  

e a r ly  d ia g n o sis  o f AE using the recombinant EM4 antigen.

3.4.4 THE DIAGNOSTIC APPLICATION OF THE CLONED ANTIGENS EM2 AND EM4

The recombinant a n tig e n s expressed  by EM2 and EM4 did not 

p o ssess  a l l  o f the c h a r a c te r is t ic s  required  fo r  p r a c t ic a l  immunodiagnosis.
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EM-£galFP2 lacked s p e c i f ic i t y  and EM-GSTFP4 was only capable o f  p o s it iv e ly  

d iagn osing r e la t iv e ly  few AE ca ses. D espite th e se  problems, a s u ita b le  

E. coll exp ressio n  system  fo r  the production and p u r if ic a tio n  o f 

immunodiagnostic an tig en s has been id e n tif ie d , namely, the pGEX-1 -  3 

vecto r  fam ily. The use o f  the pGEX-2 and 3 v e c to rs  may have improved the 

d ia g n o stic  s e n s i t iv i t y  o f the EM4 an tigen  a s the GST c a r r ie r  m olecule can 

be cleaved  from the fo re ig n  p eptide, th ereby e lim in atin g  a l l  problem s 

a sso c ia te d  w ith masking o f e p ito p e s  by the c a r r ie r  m olecule and c r o s s ­

r e a c t iv i t y  w ith anti-G ST antibody.

The use o f the recom binant EM4 an tig en  alone, in ELISA a ssa y s , 

fo r  the d e te c tio n  o f c ir c u la t in g  fr e e  anti-EM4 an tib o d ies may be improved 

by exp ression  o f  the an tigen  w ithout a c a r r ie r  p rotein . I f  th is  does not 

improve s e n s it iv it y ,  a lte r n a t iv e  d ia g n o stic  recombinant a n tig en s would have 

to  be id e n tif ie d . This could be achieved  by te s t in g  the fu s io n -p e p tid e s  

produced by the rem aining m oderately re a c tiv e , p u ta t iv e ly  s p e c if ic  c lon es 1,. 

3 and 6 (Chapter 2, F ig. 2.8) fo llo w in g  immunoblotting, w ith pan els o f 

in d iv id u a l human in fe c tio n  sera . T h is type o f la r g e  s c a le  screen in g  was used 

by V ogel et al. (1988) to  c h a ra c te r is e  p o te n tia lly  d ia g n o stic  recombinant

E. multilocularis an tigen s. A n tigens which appear to  dem onstrate h igh  le v e ls  

o f d ia g n o stic  s p e c i f i c i t y  and s e n s i t iv i t y  could then be expressed  u sin g  the 

pGEX v e cto rs . The subsequent use o f  th ese  an tig en s in conjunction w ith  EM4 

as an 'an tigen  c o c k ta il',  could then p o te n tia lly  overcome the problem o f low 

d ia g n o stic  s e n s i t iv i t y  dem onstrated by the recom binant EM4 a n tig en  used 

alone fo r  the d e tec tio n  o f c ir c u la t in g  unbound antibody.

The use o f  a lte r n a t iv e  immunoassay techniques may a lso  

enhance the d ia g n o stic  u s e fu ln e s s  o f the EM4 cloned antigen. Anti-EM4 

antibody, ra ise d  using EM-GSTFP4, could be used to  d e tec t c ir c u la t in g  n a tiv e  

EM4 an tigen  w ith in  human s e ra  (G o ttste in , 1984; C raig  and Nelson, 1984; 

Craig, 1986). The treatm ent o f  human s e ra  to  d is s o c ia te  immune-complexes 

(Craig and Nelson, 1984; C raig, 1986), p rio r  to  te s t in g  f o r ’ c ir c u la t in g  

antibody and/or antigen , may a lso  improve the s e n s i t iv i t y  o f th ese  a ssa ys. 

These improvements may help  to  overcome the lack  o f  d ia g n o stic  s e n s i t iv i t y  

o f the recombinant EM4 an tigen , making i t  more a p p lica b le  fo r  the immuno- 

d ia gn o sis  o f AE.
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CHAPTER 4

4 THE MOLECULAR CHARACTERISATION OF THE EM2 AND EM4 CLONED

ANTIGENS

4.1 INTRODUCTION

4.1.1 GENERAL

Many cloned p a r a s ite  a n tig en s have now been c h a ra cte r is e d  at 

the m olecular le v e l, S. mansoni myosin (Newport et al, 1987), a high 

m olecular w eight an tigen  o f Babesia bovis (G ill e t a l ,  1987), a p o te n tia lly  

p ro te c tiv e  an tigen  o f Brugla malayi (Perrine et al., 1988), a Plasmodium 
knowlesi an tigen  (P erler et al., 1987) and a P, falciparum p ro te c tiv e  an tigen  

(Horii e t  al., 1988), to  name but a few. Cloned immunodiagnostic a n tig en s o f 

Lelshmania donovani (B laxter e t  a l ,  1988) and S. mansoni (K linkert et a l ,  

1989) have a ls o  been su b je ct to  m olecular ch a ra cte r is a tio n .

Very lim ited  s tu d ie s  have been rep o rted  w ith regard  to  the 

c h a ra c te r is a tio n  o f cloned cesto d e  an tigen s. In both the work on Taenia 
taeniae formis (Bow tell e t  a l ,  1984; 1986) and T. ovis (Howell and 

H argreaves, 1988) an tigen s, c h a ra c te r is a tio n  co n siste d  o f  the prelim in ary  

id e n tif ic a t io n  of n a tiv e  an tigen s. A n alyses at the m olecular le v e l, to  date, 

have only been perform ed w ith regard  to  E. granulosus an tigen  B (Shepherd, 

1988). T his work included the e lu c id a tio n  o f  the n u cleo tid e  sequence o f a 

cloned gene fragm ent which corresponded to  the 3' portion  o f the e n tire  

gene, lead in g  to  the p u ta tiv e  id e n tif ic a t io n  o f the n a tiv e  a n tig e n 's  fu n ction  

as a p ro te a se  in h ib ito r.

No such s tu d ie s  have been perform ed r e la t in g  to

£. multilocularis p ro te in s. The only E. multilocularis an tigen  to  have been 

ch a ra cte r is e d  to  any e x te n t, to  date, has been Em 2a (G o ttste in , 1985). The 

p ro te in  has a Mr o f 54 kDa and a p i va lu e o f 4.8, but no data at the 

m olecular le v e l  is  a v a ila b le . The an tigen  gene clon es EM2 and EM4 were thus 

analysed  in an e f fo r t  to  shed some lig h t  on th is  p re v io u sly  unexplored area.
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4.1.2 THE CHARACTERISATION OF THE EM2 AND EM4 NATIVE ANTIGENS

Prelim inary id e n tif ic a t io n  o f  the n a tiv e  p ro te in s  corresponding 

to  cloned T. taeniaeformis and T. ovis a n tig en s has been rep o rted  (Bow tell 

et al, 1984; 1986 and Howell and H argreaves, 1988, r e s p e c tiv e ly ) . A s im ila r  

approach was taken in the cu rren t stu d y  to  a llo w  id e n tif ic a t io n  o f the 

n a tiv e  a n tig en s which correspond to  EM2 and EM4. This f a c i l i t a t e d  

p relim in ary lo c a lis a tio n  o f  th e se  an tig en s w ith in  the E. multilocularis 
m etacestode. The re la te d  p a r a s ite s  E. granulosus and T. solium were a lso  

analysed to  a sce rta in  the reason fo r  d ia g n o s tic  s p e c ie s - s p e c i f ic it y  o f  EM4 

and to  e s ta b lis h  whether any v a r ia tio n  in the EM2 an tigen  e x is t s  between 

d if fe r e n t  sp ec ie s . S im ilar s tu d ie s  have been rep o rted  fo r  an immuno- 

d ia g n o stic  L. donovani an tigen  (B laxter et al, 1988). I d e n tif ic a t io n  o f  the 

EM2 and EM4 n a tiv e  a n tig en s a ls o  provided prelim in ary  data rega rd in g  the 

g ly c o s y la t io n  o f th ese p ro te in s.

To obtain  inform ation r e la tin g  to  the expression  o f th e se  

an tig en s by the p a ra s ite , a t the le v e ls  o f  tra n s c r ip tio n  and tra n s la tio n , the 

mRNA tr a n s c r ip ts  were id e n tif ie d  and tra n s la te d  In vitro. T h is allow ed 

p o te n tia l avenues o f p ro ce ssin g  o f the an tig en s to  be id e n tifie d . S tu d ie s  o f 

th is  type have been rep o rted  w ith  regard  to  S. mansoni myosin (Newport 

et al., 1987), a p ro te c tiv e  B. malayi an tigen  (Nilsen et al., 1988),

Eimeria tenella an tigen s (P rofous-Juchelka et al., 1988), a d ia g n o s tic  

an tigen  o f L. donovani (B laxter et aL 1988) and two d ia g n o stic  S. mansoni 
an tig en s (K linkert et aL, 1989).

The genes coding fo r  the n a tiv e  EM2 and EM4 a n tig e n s  were 

id e n tif ie d  and analysed  to  e s ta b lis h  the n atu re  o f th e ir  genomic 

o rg a n isa tio n , s im ila r  in v e s t ig a t io n s  having been reported  p re v io u sly  r e la t in g  

to  the g e n e (s) fo r  S. mansoni myosin (Newport et al., 1987), a p ro te c tiv e  

B. malayi an tigen  (Perrine et al, 1988), P. falciparum an tigen s (H orii et al., 
1988), E. tenella a n tig e n s (Profous-Juchelka et al, 1988), a d ia g n o stic  

L. donovani an tigen  (B laxter et al, 1988) and, most re ce n tly , two d ia g n o stic  

S. mansoni an tigen s (K linkert et al, 1989). Where EM2 and EM4 r e la te d  genes 

occurred  in oth er p a r a s ite s , con servation  o f  th e ir  genomic o rg a n isa tio n  

between sp e c ie s  was in v e s tig a te d , work o f th is  typ e having been reported  

p re v io u sly  w ith regard  to  the genes coding fo r  p ro te c tiv e  P. falciparum



- 1 5 2 -

a n tig en s (H orii et al., 1988) and a d ia g n o stic  L. donovani an tigen

(B laxter et aL, 1988),

Many p a r a s ite  an tig en  genes have now been sequenced at the

n u cleo tid e  le v e l. The in fe rre d  amino acid  sequences o f cloned S. mansoni
p ep tid es have revea led  hom ologies w ith the p ro te in  myosin (Newport et aL, 
1987) and the p ro tea ses  cath ep sin  B and haem oglobinase (K linkert et al., 
1989). P. falciparum an tigen  genes have been sequenced and an alysed  fo r

n u cleo tid e  and amino a cid  hom ologies w ith  oth er genes and p ro te in s, 

r e s p e c t iv e ly  (Horii et ah, 1988). One o f th e se  genes was found to  have a 

degree o f  s im ila r ity  to  exon 23 and 24 o f  chicken v ite llo g e n in  and the 

engrailed lo cu s o f Drosophila. An E. granulosus an tigen  B cDNA clone has 

a lso  been shown to  code fo r  a recombinant p ep tid e which b ears s ig n if ic a n t  

amino acid  sequence homology to  a p ro te a se  in h ib ito r  (Shepherd, 1988). 

N ucleotide sequencing o f the EM4 cDNA was, th e re fo re , used in an attem pt to  

determ ine a p o ssib le  fu n ction  fo r  th is  E. multllocularis an tigen  and to  aid 

in i t s  fu rth e r  ch a ra cte r is a tio n .
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4.2 MATERIALS AND METHODS

4.2.1 MATERIALS

4.2.1.1 Antigens

EmAgA and EgSCF a n tig en s (sectio n  2 .2 .1 .1)  and EmAgPP an tigen  

(se ctio n  3 .2 .1 .1)  were prepared as d escribed  e a r lie r .

Crude 7*. solium whole an tigen  e x tr a c t  (TsAg) ( c y s t ic e r c i  from 

Mexican p a tie n ts )  was prepared from whole cy s t  m a teria l in the same manner 

as EmAgA.

Pure F. granulosus p ro to sco le x  an tigen  e x tr a c ts  from sheep and 

horse s tr a in  m a teria l (EgAgPP-S and EgAgPP-H, r e s p e c t iv e ly )  w ere prepared 

from p ro to sco le ce s  p u r ifie d  by pepsin treatm ent in the same manner as 

EmAgPP.

E. multilocularis cy s t  f lu id  an tigen  (EmAgCF) (a sp ira te d  from 

cotton  r a t  a lv e o la r  c y s ts )  was prepared as d escrib ed  fo r  EgSCF.

E. multilocularis p ro to sco le x  e x c re te d -s e c re te d  (EmAgE/S) 

an tigen  products were obtained by in vitro c u ltu re  o f p u rifie d  p ro to sco le ce s  

under s t e r i le  con d ition s in RPMI-1640 medium (Gibco) fo r  5 days w ith slow  

ro ta tio n  at 37 °C. The medium was changed d a ily  and c o lle c tio n  commenced 

a f t e r  the f i r s t  two days o f  cu ltu re . The medium was passed through an 

A crodisc f i l t e r  (0.45 pm) and con cen trated  by u l t r a f i l t r a t io n  as described  

fo r  c y s t  f lu id  an tigen s (se ctio n  2 .2 .1.1).

4.2.1.2 Antisera

Mouse a n t i- p - g a l  and a n t i- fu s io n -p e p tid e  se ra  were prepared as 

d escrib ed  p re v io u sly  (se ctio n  2.2.1.2).

A f f in ity  p u r ifie d  ra b b it anti-EM-(3galFP4 antibody was prepared 

as d escribed  p re v io u sly  (se ctio n  2.2.2.5).

Human a n ti-F . multilocularis and a n ti-F . granulosus in fe c tio n  

serum p ools and the NHS pool were co n stru cted  as d escribed  p rev io u sly  

(se ctio n  2.2.1.2).
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4.2.1.3 E. m u ltilo cu la ris  protoscolex to ta l RNA extraction

T o ta l RNA was e x tra c te d  from p ro to sco le ce s, p u r ifie d  as 

p re v io u sly  d escribed  (se ctio n  2 .2 .2 .1 .1), usin g  re a g e n ts  and p ro to co ls  

provided by Amersham In te rn a tio n a l (RNA e x tra c tio n  k it , code no; RPN. 1254). 

This procedure u t i l is e d  s e le c t iv e  p u r if ic a tio n  o f RNA w ith lith iu m  ch lo rid e. 

The y ie ld  o f t o t a l  RNA, estim ated  from OD^so/aac™, absorbance read in gs, was 

approxim ately 100 pg from 1 ml o f  packed p ro to sco leces.

4.2.1.4 Genomic DNA extraction

T o ta l n u c le ic  a c id s  were e x tra c te d  from p u rifie d  

E. multilocularis and E. granulosus p ro to sco le ce s  and from T. solium and 

T. saglnata c y s t ic e r c i  by the method d escrib ed  by McManus et al. (1985). 

This involved  d isru p tio n  o f p a r a s ite  m a te ria l by p ro te in a se  K d ig e s tio n  in 

the presence o f SDS, d e p ro te in isa tio n  w ith  phenol, RNase d ig e stio n , phenol, 

phenol/chloroform  and chloroform  e x tra c tio n s , fo llow ed  by eth anol 

p re c ip ita tio n  o f DNA. E stim ation s o f DNA co n cen tration  and p u r ity  were made 

from ODgso/ssonm absorbance read ings.

4.2.2 METHODS

4.2.2.1 SDS-PAGE and immunoblotting

SDS-PAGE and immunoblot t in g  were perform ed as d escribed  

p re v io u s ly  (sectio n  2.2.2.3).

4.2.2.2 Lectin b lo ttin g

B io tin y la te d  L ectin  k it s  I (code no: BK-1000) and II (code no: 

BK-2000) were obtained from V ector L ab o ra to ries. A t o t a l  o f  14 le c t in s  were 

used w ith  a range o f  s p e c i f i c i t i e s  summarised in T able 4.1.

P rote in s were sep arated  by SDS-PAGE and immunoblot ted as 

above. A ll  in cub ation s were c a rr ie d  out a t ambient tem perature. 

N itr o c e llu lo s e  s t r ip s  were blocked w ith  1% (w/v) BSA in LBB C150 mM NaCl/ 

0.1 mM CaCl^/0.1 mM MnS04 /20 mM Tris-H C l pH 7.5] fo r  60 m inutes. Follow ing
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TABLE 4.1

Summary o f b io tin y la te d  le c t in  binding s p e c i f i c i t ie s

No: B io tin y la te d  le c t in ____________

1 Concanavalin A (Con A)

2 Soybean a g g lu tin in  (SBA)

3 Wheat germ a g g lu tin in  (WGA)

4 D olichos b if lo r u s  a g g lu tin in  

(DBA)

5 Ulex europaeus a g g lu tin in  I 

(UEA I)

6 R icinus communis a g g lu tin in  I 

(RCA I)

7 Peanut a g g lu tin in  (PNA)

8 Bandeiraea s im p lic ifo lia  

le c t in  I (BSL I)

9 Pisum sativum  a g g lu tin in  (PSA)

10 Lens c u lin a r is  a g g lu tin in  (LCA)

11 P haseolus v u lg a r is  a g g lu tin in -E  

(PHA-E)

12 P haseolus v u lg a r is  a g g lu tin in -L  

(PHA-L)

13 Sophora japonicum a g g lu tin in  

(SJA)

14 S u ccin y lated  wheat germ 

a g g lu tin in

S p e c if ic it y ___________________

Mannose

N -acety lga lactosam in e, g a la c to s e  

N -acetylglu cosam in e (s ia ly la te d  

and n o n -s ia ly la te d  re s id u e s) 

N -acety lga lactosam in e

Fucose

G alacto se, N -acety lga lactosam in e

G a la cto sy l 0-1.3  N -a ce ty l­

galactosam ine C T -an tig en ') 

N -acety lga lactosam in e, g a la c to s e

Mannose

Mannose

N -acety lga lactosam in e, g a la c to s e

N o n -s ia ly la ted  N -acetylg lu cosam in e 

re s id u e s
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a 1 x 10 minute wash in LBB, s t r ip s  were incubated w ith s o lu tio n s  o f each

b io tin y la te d  le c t in  c o n sis tin g  o f 1 pg ml-1  lectin/1%  (w/v) BSA/LBB fo r

30 minutes. Unbound le c t in  was removed by 3 * 10 minute washes in LBB. 

Avidin-HRP conjugate, d ilu te d  in LBB according to  the m anu facturer's

recommendations, was incubated w ith s t r ip s  fo r  30 m inutes fo llow ed  by 

rem oval o f unbound reagen t by washing as before. L ectin  binding was

re ve a le d  by incubation w ith DAB s u b s tr a te  (section  2.2.2.3) fo r  30 minutes. 

The co lou r re a ctio n  was term inated by washing w ith w ater and the s t r ip s  

were a ir  dried.

4.2.2.3 Northern b lottin g

20 pg o f E. multilocularis t o t a l  RNA was fra c tio n a te d  under 

denaturin g con d ition s using a 1.5% a g aro se  g e l  con tain in g  form aldehyde 

(M aniatis et al., 1982). The RNA was tra n s fe rre d  to  a Hybond-N nylon

membrane (Amersham In t.) accordin g to  the m anufacturer's recommended

procedure. H yb rid isation  w ith ra d io la b e lle d  probes was ca rrie d  out using 

stan dard  con d ition s a s d escribed  by M aniatis et al. (1982). In addition , the 

h y b rid isa tio n  so lu tio n  was supplem ented w ith  50 pg ml-1  Poly-A (BCL) to 

reduce background s ig n a l le v e ls . The f i l t e r  was washed to high str in g e n cy  

using 2 x 15 minute washes at 45 °C w ith 0.1% (w/v) SDS/0.3 M NaCl/0.03 M 

Na3 c it r a te , 1 x 30 minute wash at 45 °C w ith 0.1% (w/v) SDS/0.15 M NaCl/

0.015 M Na3 c i t r a t e  and 2 * 15 minute washes at ambient tem perature w ith

0.1% (w/v) SDS/0.015 M NaCl/0.0015 M Na3 c it r a te . The f i l t e r  was wrapped in 

p la s t ic  film  and autoradiographed a t -70  °C w ith an in te n s ify in g  screen.

Probes were ra d io la b e lle d  w ith  t a - 32P] dCTP using a m ulti-prim e 

k it  (Amersham Int., code no; RPN. 1601) according to  the m anufacturer's 

recommended p ro to co l. The s p e c if ic  a c t iv i t y  o f  probes was estim ated , by TCA 

p re c ip ita tio n  (M aniatis et al, 1982), to  be in the region  o f 10s  cpm pg- 1 .

Removal o f probes from the b lo t was achieved by incubating the 

f i l t e r  fo r  2 h a t 65 °C in 0.005 M Tris-H C l pH 8.0/0.002 M EDTA/ 

0.002% (w/v) BSA/0.002% (w/v) ficoll/0.002%  (w/v) p o ly v in y l p yrollidone.

Complete rem oval o f  probes was ensured by re-au to rad io grap h y  o f  the f i l t e r .
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4.2.2.4 In v itro  translation  and immunoprecipitation

10 pg o f  E. multilocularis t o t a l  RNA was in vitro tra n s la te d  

usin g  ra b b it r e t ic u lo c y te  ly s a te  (Amersham Int., code no; N.90), in the 

p resence o f  [3 eS] m ethionine (Amersham Int.>, accordin g to  the

m anu facturer's recommended condition s.

Each im m unoprecipitation u t i l is e d  5 p i o f tra n s la tio n  products 

and an equal volume o f un diluted  antiserum  or a f f i n i t y  p u r ifie d  antibody in 

a t o t a l  volume o f 50 pi. The procedure used was id e n tic a l to  th at d escribed  

by McManus et al. (1985).

4.2.2.5 Southern b lo ttin g

10 pg o f  each genomic DNA was r e s tr ic te d  w ith the ap p rop riate  

r e s tr ic t io n  enzyme (Amersham Int.; BRL) usin g  the m an u facturer's  recommended 

con d ition s, and was fra c tio n a te d  through a 0.8% agaro se  g e l  (M aniatis 

et al.} 1982). The DNA was tra n s fe rre d  onto Hybond-N nylon membranes 

(Amersham In t.) accord in g  to  the m anu facturer's recommended procedure. 

H yb rid isation  w ith rad io  la b e lle d  probes was ca rrie d  out using standard 

co n d ition s as d escrib ed  by M aniatis et al (1982). F i l t e r s  were washed to 

high strin g e n cy  using 2 * 15 minute washes at 65 °C w ith 0.3 M NaCl/ 

0.03 M Na3 c it r a t e , 1 * 30 minute wash a t  65 °C w ith 0.1% (w/v) SDS/ 

0.3 M NaCl/0.03 M Na3 c i t r a t e  and 1 * 10 minute wash at 65 °C w ith 

0.015 M NaCl/0.0015 M Na3 c it r a te . The f i l t e r s  were autoradiographed as 

d escrib ed  above.

Probes were ra d io la b e lle d  as described  above and were removed 

from b lo ts  by in cu b atin g  the f i l t e r s  fo r  30 m inutes a t  45 °C in 0.4 M NaOH 

fo llow ed  by a fu rth e r  30 minute wash at 45 °C in 0.1% (w/v) SDS/0.015 M 

NaCl/0.0015 M Na3 c itra te / 0 .2  M T ris-H C l pH 7.5. Complete rem oval o f probes 

was ensured by re-au to rad io gra p h y  o f  the f i l t e r s .

4.2.2.6 Nucleotide sequencing

M13mpl8 and M13mpl9 (Messing, 1983) subclones were 

co n stru cted  using re a g e n ts  and p ro to co ls  provided by BRL, as p re v io u sly  

d escrib ed  (sectio n  3.2.2.3.2). Recombinants were grown and s in g le  stran d DNA
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tem plates fo r  sequencing were prepared as d escribed  by the m anufacturer. 

P reparation  o f double stran ded RF DNA, a s a source o f  in s e rt  DNA fo r  

fu rth e r  fragment subcloning, was perform ed as p re v io u sly  d escribed  (se ctio n  

3.2.2.3.3).

The d eterm in ation  o f subclone in s e rt  o r ie n ta tio n  was achieved  

usin g  the com plem entarity t e s t  (C -te s t)  (Messing, 1983) as d escribed  by 

M iller (1987).

Sequencing was perform ed u sin g  the d id eoxyn u cleotid e chain 

term in ation method (Sanger et al, 1977), fo r  which p ro to co ls  and re a g e n ts  

were sup plied  by United S ta te s  Biochem ical Corporation (USB). In addition , a 

15 mer primer (BRL, code no; 8228SA), which anneals 14 bases upstream o f  

the M13mpl9 Eco R1 s i t e ,  was used to  prime re a ctio n s  in vo lv in g  Eco R1 

in s e r ts . This f a c i l i t a t e d  sequencing o f  the 5 ' cloning s i t e  thus enablin g the 

extrem e ends o f the in s e r t  to  be sequenced. This allow ed the p -g a l read in g 

frame to  be determ ined. A m odified bacterioph age T7 DNA polym erase 

(Sequenase) (USB) was used fo r  stran d  sy n th e sis . R eactions were perform ed 

using both dGTP and i t s  analogue dITP (USB), in order to  reduce am b igu ities  

caused by secondary s tr u c tu r e  'com pressions'. Strands were ra d io la b e lle d  

w ith  [a -3SS3 dATP (Amersham Int.).

Reaction products were e lectrop h o resed  under denaturing 

co n d ition s on 'f ie ld  g ra d ie n t ' g e ls , usin g  a BRL model S2 apparatus and an 

LKB power source, accord in g to the m anufacturer's recommended procedures. 

Acrylam ide monomer (N ational D iagn o stics, sequencing grade reag en t) 

percen tage o f g e ls  and len gth  o f  run were varied  accordin g to  the d esired  

s iz e  range to  be read. G els were fix e d , d ried  and autoradiographed according 

to  BRL procedures.

The d erived  amino acid  sequence o f EM4 was compared w ith  

p re v io u sly  reported  amino acid  sequences in the PSEQIP P rotein  Sequence 

Database o f the Biocomputing Research Group at Edinburgh U n iversity .
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4.3 RESULTS

4.3.1 THE IMMUNOBLOTTING OF ANTI-FUSION-PEPTIDE ANTIBODY WITH

PARASITE ANTIGEN EXTRACTS

4 .3 .1.1 The id e n t if ic a t io n  o f  EM2 and EM4 n a tiv e  a n tig e n s

Prelim inary c h a ra c te r is a tio n  o f  clones EM2 and EM4 involved  

id e n tif ic a t io n  o f the n a tiv e  p a r a s ite  a n tig e n s which they encoded. Antibody 

s p e c if ic  to  the fu s io n -p e p tid e s  was is o la te d  e ith e r , in  the case  o f 

EM-£galFP4, by a f f i n i t y  p u r ific a tio n , or by hyper immunisation o f  mice in the 

ca se  o f both EM-£galFP2 and EM~3galFP4. V arious E. multilocularls an tigen  

e x tr a c ts  were su b jected  to  SDS-PAGE, immunoblotted and te s te d  w ith mouse 

anti-EM -0galFP2 serum (Fig. 4.1). A s in g le  major band o f  70 kDa was observed 

w ith  EmAgA and EmAgPP (lan es 3 -5). No change in m o b ility  was observed 

under reducing or non-reducing co n d ition s (lan es 3 and 4) in d ica tin g  a lack  

o f d isu lp h id e bound su b u n its  w ith in  th e  p rotein . No apparent re a ctio n  w ith 

EmAgCF (lane 6) su g g e ste d  th at i t  was not an E/S product. A weak s ig n a l 

was d etected , however, when in vitro-d erived  EmAgE/S e x tr a c t  was te s te d  

(lane 7). This may have been the r e s u lt  o f  dead, dying or d isru p ted  

p ro to sco le ce s  which had re le a se d  th e ir  som atic a n tig en s in to  the medium 

during cu ltu re .

F igu re 4.2 shows an immunoblot o f both a f f i n i t y  p u r ifie d  ra b b it 

anti-EM -PgalFP4 antibody (lan es 4, 6, 8, 10 and 12) and mouse a n t i-

EM-pgalFP4 serum (lan es 3, 5, 7, 9 and 11)  a g a in st v a rio u s E. multilocularis 
an tigen  e x tr a c ts , fo llo w in g  th e ir  fra c tio n a tio n  by SDS-PAGE. A ll lan es, 

except the co n tro ls  and lane 10, showed th ree  bands o f 62 kDa, 49 kDa and 

44 kDa. No change in m o b ility  was observed under reducing or non-reducing 

co n d itio n s (lanes 3 -6 ) in d ica tin g  the absence o f d isu lp h id e  linked su b u n its 

in the th ree  p ro te in s. The th ree  bands were present in the cy s t  f lu id  lane 

te s te d  w ith mouse antiserum  (lane 9) su g g e stin g  th a t a l l  th ree  are  E/S 

products. However, the cy s t  f lu id  lane te s te d  w ith a f f i n i t y  p u r ifie d  ra b b it 

antibody (lane 10) fa ile d  to d isp la y  the 62 kDa band. The reason fo r  th is  

d iscrepan cy could be low abundance o f  th is  p a r tic u la r  an tig en  w ithin cy st 

f lu id  and/or a low le v e l  o f a f f in i t y - p u r i f ie d  rab b it antibody s p e c if ic  fo r  

i t .  The presence o f the th ree  bands in the in vitro-d erived  E/S e x tra c t
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F ig u re  4.1 SDS-PAGE and immunoblotting o f  va rio u s E. multilocularis an tig en  

e x tr a c ts  w ith  mouse anti-EM -pgalFP2 serum.

EmAgA was probed w ith: lane 1, normal mouse serum; lane 2, mouse a n t i- p - g a l  

serum; lane 3, mouse anti-EM-{3galFP2 serum.

Mouse anti-EM-(3galFP2 serum was used to  probe: lane 4, non-reduced EmAgA; 

lane 5, EmAgPP; lane 6, EmAgCF; lane 7, EmAgE/S.

50 pg o f p ro te in  was used per s t r ip  apart from EmAgE/S fo r  which 

6 p g / str ip  was used. A ll  a n tig en s w ere reduced p rio r  to  e le c tro p h o re s is  

u n less o th erw ise  sp e c ifie d .
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F ig u re  4.2 SDS-PAGE and immunoblotting o f  variou s E. multllocularls an tigen  

e x tr a c ts  w ith mouse anti-EM -pgalFP4 serum and a f f i n i t y  p u r ifie d  a n t i-  

EM~PgalFP4 antibody.

EmAgA was probed with: lane 1, normal mouse serum; lane 2, mouse a n t i- p - g a l  

serum; lane 3, mouse anti-EM -pgalFP4 serum; lane 4, a f f i n i t y  p u r ifie d  ra b b it

anti-EM-(3galFP4 antibody.

Mouse anti-EM~PgalFP4 serum was used to  probe: lane 5, non-reduced EmAgA; 

lane 7, EmAgPP; lane 9, EmAgCF; lane 11, EmAgE/S.

A f f in ity  p u r ifie d  ra b b it anti-EM~PgalFP4 antibody was used to  probe: lane 6, 

non-reduced EmAgA; lane 8, EmAgPP; lane 10, EmAgCF; lane 12, EmAgE/S.

50 pg o f p ro te in  was used per s t r ip  apart from EmAgE/S fo r  which 

6 p g / str ip  was used. A ll  a n tig en s were reduced p rio r  to  e le c tro p h o re s is  

u n less o th erw ise  s p e c ifie d .
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(lan es 11 and 12) s u g g e s ts  that th e se  p ro te in s  a re  e x cre te d /se c re te d  by 

p ro to sco le ce s  o f E. multilocularis. The stro n g  s ig n a l produced by the 62 kDa 

band in the E/S lan es r e la t iv e  to  the oth er two p ro te in  bands in d icated

th at, o f  the three, th is  p ro te in  was the most abundant In vitro E/S product.

A band o f approxim ately 97 kDa appeared in s e v e r a l mouse antiserum  lan es 

(lanes 3, 5, 7 and 11). This band was not apparent in the co n tro l lan es or 

the cy st f lu id  lane probed w ith  mouse antiserum  (lane 9). A f f in ity  p u r ifie d  

ra b b it antibody, is o la te d  from preabsorbed antiserum  did not bind a n tig en  at 

th is  Mr . The presence o f c r o s s - r e a c t iv e , n o n -s p e c ific  antibody w ith in  the 

mouse antiserum  is , th e re fo re , th e most probable explan ation  fo r  the 

appearance o f th is  band.

4.3.1.2 The s p e c ie s - s p e c i f ic i t y  o f  EM2 and EM4 n a tiv e  a n tig en s

In order to  determ ine w hether th ese  an tig en s were 

E. multilocularls-specific, e x tr a c ts  o f E. granulosus p ro to sco le ce s , sheep 

and h orse s tr a in s  (EgAgPP-S and EgAgPP-H, r e s p e c t iv e ly )  and T. solium
c y s t ic e r c i  (TsAg) were te s te d  w ith fu s io n -p e p tid e -s p e c if ic  antibody

(Fig. 4.3). N ative p ro te in s  corresponding to  the M^'s e s ta b lish e d  p re v io u sly  

fo r  both clon es, were p resen t w ith in  EgAgPP-S and EgAgPP-H (sheep s tra in , 

lan es 6-8; h orse s tra in , la n es 10 -12 ). A 70 kDa an tigen  r e la te d  to  that o f 

EM2, was a ls o  p resen t in TsAg (lane 14), as was a 62 kDa an tigen  r e la te d  to  

that o f EM4 (lane 16). In ad d ition , p ro te in  bands o f  the expected fo r  the 

EM4 an tig en s were apparent in TsAg when te s te d  w ith mouse antiserum  

(lane 15). These bands were a ls o  produced, however, by mouse a n t i-  

EM-£galFP2 serum (lane 14). C r o s s - r e a c t iv e  antibody in th is  mouse antiserum  

appeared, th e re fo re , to  be binding at the same as the EM4 an tig en s. The 

presence o f n a tiv e  a n tig en s r e la te d  to  th ose o f EM2 and EM4 w ith in  th ese 

p a r a s ite  e x tr a c ts , s u g g e s ts  th at they are  conserved between the vario u s 

ta e n iid  sp e c ie s . However, the an tig en s were not d etected  in EgSCF 

(lan es 2 -4 ) s u g g e stin g  that they a re  not e x cre te d /se c re te d  in to  the lumen 

of the u n ilo cu la r  cy st, although they are  p resen t in p ro to sco leces.
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F ig u re  4.3 SDS-PAGE and im m unoblotting o f E. granulosus and T. solium 
an tigen  e x tr a c ts  w ith  a n t i- fu s io n -p e p tid e  antibody.

EgSCF was probed with: lane 1, mouse a n t i- p - g a l serum; lane 2, mouse a n t i-  

EM~PgalFP2 serum; lane 3, mouse anti-EM~PgalFP4 serum; lane 4, a f f i n i t y

p u r ifie d  ra b b it anti-EM~PgalFP4 antibody.

EgAgPP-S was probed with: lane 5, mouse a n t i- p - g a l  serum; lane 6, mouse 

anti-EM -0galFP2 serum; lane 7, mouse anti-EM~3galFP4 serum; lane 8, a f f i n i t y  

p u rifie d  ra b b it anti-EM -pgalFP4 antibody.

EgAgPP-H was probed with: lane 9, mouse a n t i- p - g a l serum; lane 10, mouse 

anti-EM~PgalFP2 serum; lane 11, mouse anti-EM -PgalFP4 serum; lane 12,

a f f in i t y  p u r ifie d  ra b b it anti-EM -PgalFP4 antibody.

TsAg was probed with: lane 13, mouse a n t i- p - g a l serum; lane 14, mouse a n t i-  

EM~PgalFP2 serum; lane 15, mouse anti-EM~PgalFP4 serum; lane 16, a f f i n i t y

p u r ifie d  ra b b it anti-EM-(3galFP4 antibody.

50 pg o f  p ro te in  was used per s tr ip . P ro te in s  were reduced p rio r  to

e le c tro p h o re s is .

M olecular w eigh ts o f n a tiv e  a n tig e n s a re  arrowed: EM2 (<  ); EM4 (◄  ).
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4.3.2 GLYCOSYLATION OF THE EM2 AND EM4 NATIVE ANTIGENS

To fu r th e r  c h a ra c te r is e  the n a tiv e  p ro te in s  corresponding to  

c lon es EM2 and EM4, EmAgPP an tigen  was immunoblotted and probed w ith  a 

range o f carbohyd rate-bind ing le c t in  p ro te in s  (Fig. 4.4). Heavy background 

binding was observed in the high and low Mr re g io n s  but d is t in c t

g ly co p ro te in  bands w ith in  the 30 kDa to  80 kDa Mr. range could be

id e n tif ie d . Bands corresponding to  the M,,'s o f the EM2 and EM4 an tig en s 

were v is ib le  but could have been due to  other g ly co p ro te in s  which co- 

m igrate at the same Mr as th ese  a n tig en s. The le c t in s  SJA (lane 13) and 

su c c in y la te d  WGA (lane 14) do not appear to  have bound to  the same ex ten t 

as the oth er le c t in s  (lan es 1 to  12) or the pool (lane 15). This was

probably due to a te c h n ic a l asp ect ra th e r  than the absence o f the su gar

s tr u c tu r e s  s p e c if ic  fo r  th ese le c t in s  on the b lo tte d  p ro te in s, p a r t ic u la r ly  

as the s p e c i f i c i t ie s  o f th e se  two le c t in s  were d u p lica ted  by o th ers (SBA 

and WGA). The same g ly co p ro te in  bands bound a l l  le c t in s , except SJA and 

su c c in y la te d  WGA, in d ica tin g  s ig n if ic a n t  le v e ls  o f va ried  g ly c o s y la tio n .

4.3.3 THE IDENTIFICATION OF EM2 AND EM4 mRNA TRANSCRIPTS

A b lo t o f  t o t a l  E. multilocularis RNA was probed w ith

Xgt 11 /EM2 (lane 2) and EM4 in s e rt  (lane 3) DNA (Fig. 4.5). The EM2 cDNA

could not be ex cised  from X g t l l  usin g  Eco R1 (data not shown) p o ss ib ly

owing to  damage to  one or both o f  the Eco R1 cloning s i t e s  during lib r a r y  

co n stru ctio n . T h erefore, v e cto r  DNA con tain in g  in se rt  was used as probe. The 

b lo t was autoradiographed fo r  the same time period w ith each probe. The 

non-recom binant X g t l l  co n tro l probe (lane 1) showed no c ro s s -h y b r id is a tio n  

w ith the p a r a s ite  RNA.

The EM2 probe produced two very  weak bands at approxim ately

1 660 bp and 1 288 bp and a la rg e  smear at 900 bp. This la t t e r  e f fe c t  was 

probably due to RNA degradation. Only • one n a tiv e  an tigen  o f 70 kDa was 

d e tec te d  w ith anti-EM2 antibody. Consequently only one mRNA s p e c ie s  was 

expected  to  g iv e  r is e  to  th is  p ro te in . Although the p ro te in  is  probably 

g ly c o s y la te d , a tra n s c r ip t  in the regio n  o f 1 660 bp i s  more l ik e ly  to  code 

fo r  a m olecule o f th is  s iz e  than the sm aller tra n s c r ip t  id e n tif ie d . The band 

o f  1 660 bp may, th e re fo re , correspond to the co rre c t EM2 tra n s c r ip t, the
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F igu re 4.4 SDS-PAGE and le c t in  b lo t t in g  o f  EmAgPP w ith  a range o f  

b io tin y la te d  le c t in s .

Lane 1, Con A.

Lane 2, SBA.

Lane 3, WGA.

Lane 4, DBA.

Lane 5, UEA I.

Lane 6, RCA I.

Lane 7, PNA.

Lane 8, BSL I.

Lane 9, PSA.

Lane 10, LCA.

Lane 11, PHA-E.

Lane 12, PHA-L.

Lane 13, SJA.

Lane 14, su cc in y la te d  WGA.

Lane 15, pool.

50 pg o f p ro te in  was used per s tr ip . P ro te in s  were reduced p rio r  to  

e le c tro p h o re s is .

M olecular w eigh ts o f n a tiv e  a n tig e n s are arrowed: EM2 (<  ); EM4 (◄  ).
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F ig u re  4.5 Northern b lo t a n a ly s is  o f EM2 and EM4 tra n s c r ip ts . T o ta l 

E. multilocularls p ro to sco le x  RNA was fra c tio n a te d , b lo tte d  and probed with: 

Lane 1, non-recom binant X g t l l  DNA.

Lane 2, Xgtll/EM 2 DNA.

Lane 3, EM4 cDNA in s e rt.

20 pg o f RNA was used per lane.

P u ta tiv e  EM2 (<  ) and EM4 (◄ ) tr a n s c r ip ts  a re  arrowed.
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low er M,, band r e s u lt in g  from d egrad ation  o f th is  m essage. A s im ila r  

phenomenon has been rep o rted  r e c e n tly  w ith  regard  to S. mansonl tra n s c r ip ts  

(K linkert et al, 1989). The EM2 fu s io n -p e p tid e  contained 39 kDa o f  the EM2 

an tigen  (sectio n  2.3.4 .1), which corresponds to  a cDNA o f  approxim ately 

1 050 bp. I f  the 1 660 bp band does correspond to  the co rre c t  mRNA then 

the cloned cDNA m olecule was not o f  f u l l  length.

The EM4 probe (lane 3) h yb rid ised  to th ree  d is t in c t  bands o f 

1 514 bp, 1 288 bp and 1 096 bp and a smear, s im ila r  to  th at produced by 

EM2, at 900 bp. The la t t e r  e f fe c t  was again  probably due to  degradation  o f 

message. The s ig n a ls  produced were s ig n if ic a n t ly  g r e a te r  than those

produced w ith EM2, perhaps r e f le c t in g  the g r e a te r  abundance o f th ese  

tra n s c r ip ts . Three n a tiv e  a n tig en s o f  62 kDa, 49 kDa and 44 kDa were 

d e tec te d  with anti-EM4 antibody. I f  each o f th ese p ro te in s  is  coded fo r  by 

a d is t in c t  mRNA sp e c ie s , then the EM4 cDNA may only correspond to  one o f 

th e se  an tigen s, the o th er two m erely p o ssessin g  common ep itop es. The

tr a n s c r ip ts  id e n tif ie d  would have the coding ca p a c ity  fo r  p ro te in s  o f 

55 kDa, 45 kDa and 40 kDa, r e s p e c t iv e ly . The ad d ition  o f carbohydrate 

re s id u e s  would account fo r  the d iscrepan cy between th e se  Mr 's  and those o f 

the n a tiv e  an tigen s id e n tif ie d . The s iz e  o f  the EM4 cDNA has been found to  

be 1 114 bp fo llo w in g  n u cle o tid e  sequen cing (Fig. 4.9 B), th e re fo re , as the 

s iz e s  o f the t r a n s c r ip ts  id e n tif ie d  a re  approxim ate, th is  m olecule could 

have o rig in a te d  from any o f  the th ree  p u ta tiv e  mRNA sp e c ie s  id e n tifie d . An

a lte r n a t iv e  exp lan ation  fo r  the o r ig in  o f the th ree  bands could be the

a r te fa c tu a l  production o f  two sm a ller bands by degrad ation  o f the la rg e  

1 514 bp tra n s c r ip t, as su g g ested  above w ith the EM2 tra n s c r ip t. This would 

su g g e st  that only one mRNA sp e c ie s  codes fo r  the n a tiv e  p ro te in (s).

In order to  exp lore  th e se  p o s s ib i l i t ie s  fu rth e r , t o t a l  RNA was 

tra n s la te d  in a c e l l - f r e e  system  and the products p re c ip ita te d  w ith s p e c if ic  

a n tise ra .

4.3.4 THE IMMUNOPRECIPITATION OF IN VITRO TRANSLATION PRODUCTS

In order to  e s ta b lis h  the re la tio n s h ip  between the EM2 and EM4 

tr a n s c r ip ts  and th e ir  n a tiv e  p ro te in s, t o t a l  RNA was tra n s la te d  and the 

products im m unoprecipitated w ith a n tis e r a  ra ise d  to  EM2 and EM4 recombinant 

a n tig e n s (Fig. 4.6).
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F lg u re  4.6 SDS-PAGE a n a ly s is  o f  E. multilocularis p ro to sco le x  t o t a l  RNA in 
vitro tra n s la tio n  p rod ucts im m unoprecipitated by a n ti- fu s io n -p e p tid e  

antibody.

Lane 1, no added RNA co n tro l.

Lane 2, t o t a l  tra n s la tio n  products.

In vitro tra n s la tio n  products im m unoprecipitated by:

Lane 3, normal human serum.

Lane 4, pool o f human a n ti-£ . multilocularis sera .

Lane 5, pool o f human a n ti-£ . granulosus sera .

Lane 6, mouse a n t i- p - g a l serum.

Lane 7, mouse anti-EM -£galFP2 serum.

Lane 8, mouse anti-EM -pgalFP4 serum.

Lane 9, a f f i n i t y  p u r ifie d  ra b b it anti-EM~PgalFP4 antibody.

Samples were reduced p rio r  to  e le c tro p h o re s is . The 66 kDa p ro te in  

p re c ip ita te d  by anti-EM-(3galFP4 antibody is  arrowed.
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No a d d itio n a l p ro te in s o th er than those p re c ip ita te d  by the 

mouse a n t i- p - g a l co n tro l serum (lane 6), were p re c ip ita te d  by mouse a n ti-  

EM-£galFP2 serum (lane 7). S ig n ific a n t  amounts o f the EM2 n a tiv e  an tigen  

had not, th e re fo re , been syn th esized  in vitro. This may have been due to  low 

abundance o f the EM2 tr a n s c r ip t, as su g g e ste d  by Northern b lo ttin g , or 

degrad ation  o f the a v a ila b le  message. The p o s s ib i l i t y  o f the 1 660 bp band 

corresponding to the EM2 tra n s c r ip t was not, th e re fo re , su b sta n tia te d  by 

th is  experim ent.

With the mouse anti-EM-j3galFP4 serum (lane 8) and the a f f i n i t y  

p u r ifie d  rab b it anti-EM-(3galFP4 antibody (lane 9), a major band o f 

approxim ately 66 kDa was observed. T h is band was not seen w ith the mouse 

a n t i- ^ - g a l co n tro l serum (lane 6). A minor band o f approxim ately 50 kDa was 

apparent with the ra b b it anti-EM~PgalFP4 antibody (lane 9). T his band was 

not produced, however, w ith  mouse anti-EM~PgalFP4 serum (lane 8) and was 

probably a r te fa c tu a l. No d isc e rn ib le  v a r ia tio n  in the p ro te in s  p re c ip ita te d  

by the human a n ti-E . multilocularis (lane 4) and a n ti-E . granulosus (lane 5) 

serum pools was apparent in the 66 kDa region.

The p re c ip ita tio n  by anti-EM-(3galFP4 antibody o f  one p ro te in

in stea d  o f three, su g g e ste d  th at one tra n s c r ip t  may code fo r  a l l  th ree  

n a tiv e  antigen s. Within the lim its  o f experim ental erro r, the 1 514 bp 

tra n s c r ip t  has s u f f ic ie n t  coding ca p a c ity  fo r  the 66 kDa im m unoprecipitated 

p rotein . This m essage may, th e re fo re , correspond to the genuine EM4 

tra n s c r ip t. The two a d d itio n a l t r a n s c r ip ts  d etected  by Northern b lo t 

a n a ly s is  could have re s u lte d  from d egrad ation  o f the s in g le  mRNA sp ec ie s , 

as d iscu ssed  e a r lie r .  I f  the 1 114  bp EM4 cDNA did o r ig in a te  from a

1 514 bp m essage then the cloned cDNA m olecule is  incom plete.

I f  a l l  th re e  n a tiv e  a n tig en s that re a ct w ith anti~EM4 antibody 

do o r ig in a te  from the same tra n s c r ip t, then some form o f p o s t- tr a n s la t io n a l 

m o d ificatio n  o f a s in g le  'p recu rso r ' p ro te in  would be n ecessa ry . The la r g e r  

s iz e  o f the in vitro t r a n s la te  product (66 kDa), r e la t iv e  to  the n a tiv e  

an tigen s, may in p art be due to  the re te n tio n  o f  a s ig n a l p ep tid e by the

form er m olecule. The EM4 n a tiv e  a n tig en s have been shown to  be

e x cre te d /se cre te d  from the p a ra s ite , th e re fo re , a s ig n a l p ep tid e is  probably 

p resen t w ithin the 'p re cu rso r ' p rotein . The rem oval o f th is  s ig n a l sequence 

upon e x cre tio n / se cre tio n  o f  the n a tiv e  an tig en s would account fo r  some o f 

the red uction  in Mr . Such p o s t- tr a n s la t io n a l m od ification  would not take



- 176 -

p lace w ith in  a c e l l - f r e e  system , a llo w in g  re te n tio n  o f  the s ig n a l pep tid e by 

the 'p re cu rso r ' m olecule. A d d ition al p o s t- tr a n s la t io n a l m o d ifica tio n s to the 

p re -p ro te in  would a ls o  be required, however, to  account fo r  the s iz e  o f the 

two sm aller E/S an tigen s.

4.3.5 THE GENOMIC ORGANISATION OF THE EM2 AND EM4 GENES

E. multilocularis genomic DNA was d ig este d  w ith  a number o f 

r e s tr ic t io n  enzymes, Southern b lo tte d  and probed w ith non-recom binant X g t l l  

(panel A), Xgtll/EM 2 (panel B) and EM4 cDNA in s e rt  (panel C) (Fig. 4.7). No 

c ro s s -h y b r id is a tio n  o f  the non-recom binant X g t l l  DNA w ith  the p a r a s ite  DNA 

was apparent (panel A).

The EM2 probe (panel B) produced a complex h y b rid isa tio n  

p attern . M ultip le  bands were p resen t in a l l  lanes, the low est Mr band o f 

2 300 bp being produced by Bam HI (lane 1). Because no r e s tr ic t io n  map o f 

the EM2 cDNA was a v a ila b le  and the fa c t  th at the cDNA was probably not o f 

f u l l  length , the o r ig in s  o f th ese  r e s t r ic t io n  s i t e s  could not be p red icted . 

The h y b rid isa tio n  p a tte rn  obtained, however, su g g ested  the EM2 n a tiv e  

an tigen  may be coded fo r  by e ith e r  a complex s in g le -co p y  gene contain ing 

many in tro n s, or a m u lti-cop y  gene fam ily. A d d ition al work is  required  to  

r e s o lv e  th is  fu rth er.

The EM4 probe (panel C) produced a much sim p ler h y b rid isa tio n  

p a tte rn  compared to  th at o f EM2. T h is confirm ed th at th ese  two a n tig en s are 

u n related . From n u cleo tid e  sequencing d ata  (Fig. 4.9) i t  was known that o f 

the r e s tr ic t io n  enzymes used, only S st I (Sac I) (lane 5) had r e s tr ic t io n  

s i t e s  w ith in  the EM4 cDNA. S in gle, high Mn bands were produced in a l l  lan es 

except Hind III  (lane 3) and S st I (lane 5). The band o f approxim ately 

600 bp (lane 5) may correspond to  the 646 bp S st I fragm ent w ithin the 

cDNA sequence (Fig. 4.9 A). Because two bands were produced w ith Hind III 

(lane 3) i t  is  probable th at th ere  i s  an in tro n ic  sequence w ith in  the gene 

which con tain s a Hind III  s i t e .  T his r e s tr ic t io n  s i t e  may a lso  be present, 

however, in the uncloned regio n  o f the tra n scrib ed  gene, assum ing th at an 

incom plete cDNA had been cloned. The r e la t iv e ly  sim ple h y b rid isa tio n  p attern  

su g g e ste d  that the EM4 n a tiv e  a n tig e n s may be coded fo r  by a s in g le -co p y  

gene. The lack  o f c r o s s -h y b r id is a tio n  o f  the EM4 cDNA to  oth er genes 

confirm ed that one typ e o f gene codes fo r  a l l  th ree  n a tiv e  an tigen s
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F ig u re  4.7 Southern b lot a n a ly s is  o f  r e s tr ic t io n  enzyme cut 

E. multilocularls DNA probed w ith non-recom binant X g t l l  DNA (A), Xgtll/EM 2 

DNA (B> and EM4 cDNA in s e r t  (C).

R e s tr ic tio n  enzymes used were:

Lane 1, Bam HI.

Lane 2, Eco RI.

Lane 3, Hind III.

Lane 4, Pst I.

Lane 5, S st I.

Lane 6, Xba I.

10 pg o f  DNA was used per lane.
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id e n tif ie d . Consequently, i t  fo llo w s th a t th e se  an tigen s o r ig in a te  from the 

p o s t- tr a n s la t io n a l m o d ificatio n  o f a p re -p ro te in  which i s  coded fo r  by a 

s in g le  mRNA sp ecies.

4.3.6 THE ORGANISATION OF EM2 AND EM4 GENES IN RELATED PARASITE

GENOMES

It has been e s ta b lis h e d  th at n a tiv e  a n tig en s r e la te d  to  those 

o f EM2 and EM4 are  produced by E. granulosus and T. solium (Fig. 4.3). To 

in v e s t ig a te  the genomic o rg a n isa tio n  o f  th e ir  corresponding genes in th ese  

p a r a s ite  sp ec ie s , b lo ts  o f  r e s tr ic t e d  genomic DNA were probed w ith  the EM2 

and EM4 cloned sequences (Fig. 4.8).

The EM2 probe (panel B) produced d is t in c t ly  d if fe r e n t  

h y b rid isa tio n  p a tte rn s  w ith  r e s tr ic t e d  genomic DNA from the fo u r sp ec ie s. No 

two r e s tr ic t io n  p a tte rn s  produced using the same r e s tr ic t io n  enzyme were 

the same, in d ica tin g  s ig n if ic a n t  d iffe r e n c e s  in the genomic o rg a n isa tio n  o f 

the gen e(s), even w ith  E. granulosus, the most c lo s e ly  re la te d  to  

E. multilocularis o f those te s te d . R e la t iv e ly  weak s ig n a ls  were produced by 

T. solium and T. saginata DNAs (lan es 9 and 10, r e s p e c tiv e ly ) , presum ably 

due to decreased sequence homology w ith the gen e(s) o f E. multilocularis.

The EM4 probe (panel C) h y b rid isa tio n  p a tte rn  d iffe r e d  w ith  

v a rio u s p a ra s ite  DNAs as found w ith  the EM2 probe. D iffe re n c e s  in the 

E. multilocularls (lan es 1 to  4) and E. granulosus (lan es 5 to  8) 

h y b rid isa tio n  p a tte rn s  in d icated  s p e c if ic  d iffe r e n c e s  in the s tr u c tu r e  o f  

the gene o f th ese two sp e c ie s . I t  was apparent th at the E. granulosus gene 

p o sse sse s  an in te r n a l Eco RI s i t e  (lane 5) and la ck s an in te rn a l Hind III 

s i t e  (lane 6), in co n tra st  to  the E. multilocularls gene (lan es 1 and 2). The 

same number o f  bands were produced by S st I and Eco R l/Sst I d ig e stio n  o f 

E. granulosus (lan es 7 and 8) and E. multilocularls (lan es 3 and 4) DNAs, 

although the fragm ent le n g th s  appeared to  vary con sid erab ly , in d ica tin g  

fu rth e r  d iffe r e n c e s  in the o rg a n isa tio n  o f  the gene in E. granulosus and 

E. multilocularls, T. solium and T. saginata DNAs h yb rid ised  weakly (lan es 9 

and 10, r e s p e c t iv e ly )  presum ably due to  decreased sequence homology w ith 

the E. multilocularls gene, as w ith  EM2 above.
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F ig u re  4.8 Southern b lo t a n a ly s is  o f r e s tr ic t io n  enzyme cut ta e n iid  DNAs 

probed w ith  non-recom binant X g t l l  DNA (A), Xgtll/EM 2 DNA (B) and EM4 cDNA 

in s e rt  (CX

Lanes 1-4 , E. multilocularis DNA.

Lanes 5-8 , E. granulosus DNA.

Lane 9, T. solium DNA.

Lane 10, T. saginata DNA.

R e s tr ic tio n  enzymes used were:

Lanes 1 and 5, Eco RI.

Lanes 2 and 6, Hind III.

Lanes 3 and 7, Sst I.

Lanes 4, 8, 9 and 10, Eco Rl/Sst I.

10 jig o f DNA was used per lane.
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4.3.7 NUCLEOTIDE SEQUENCING OF THE EM4 cDNA

In order to  fu r th e r  c h a ra c te r is e  the p ro te in  coded fo r  by th is  

m olecule, the n u cleo tid e  sequence o f  the cDNA was obtained (Fig. 4.9 B). The 

e n tir e  cDNA in s e r t  was e x c ise d  from X g t l l  and subcloned in to  the M13mpl9 

Eco RI s i t e  in both o rie n ta tio n s , as confirm ed by the C - te s t  (M iller, 1987) 

(data not shown). Prelim inary sequencing o f th ese  subclones re v e a le d  the 

lo ca tio n  o f two convenient S st I s i t e s  w ithin  the m olecule. These were used 

to  subclone the 646 bp S st I fragm ent in to  M13mpl9 and the 350 bp 

Eco R l/Sst I fragm ent in to  M13mpl8. These clon es f a c i l i t a t e d  com plete 

sequencing o f the cDNA. The o v e r a ll  s tr a te g y  is  o u tlin ed  in F igu re 4.9 A. 

The coding stran d  was id e n tif ie d  by the presence o f a p olyad en ylated  t a i l  

which a ls o  enabled the id e n t if ic a t io n  o f the carb o xyl term in al o f  the 

expressed  p rotein . The p u ta tiv e  p o lyad en ylation  s ig n a l in the 3' non-coding 

sequence is  underlined. T his i s  an unusual but not unknown va rian t on the 

more common 'AATAAA' s ig n a l sequence (McLauchlan et a l ,  1985). The com plete 

in se rte d  cDNA sequence i s  1 114  bp in length.

The th ree  p o s s ib le  read in g  fram es o f th is  sequence were 

analysed and o f these, only one appeared to  be ap p rop riate  and is  shown in 

F igure 4.9 B. The oth er read ing fram es were not thought to  be co rre c t  as 

they re s u lte d  in prem ature term in ation  o f the p ro te in  72 bp and 158 bp 

from the 5' end. The lo n gest read in g  frame found was a ls o  in frame w ith the 

lacZ gene o f X g t l l  (Young and Davis, 1983). In add ition , the 354 amino a cid s  

coded fo r  by the open read ing fram e corresponded to  a p ro te in  o f 39 kDa 

which was the approxim ate s iz e  o f  the fo re ig n  p ep tid e expressed  by EM4. 

T herefore, the d erived  amino acid  sequence corresponded to  th a t exp ressed  

by the EM4 clone. The f i r s t  ATG (Met) codon was found 120 bp downstream of 

the 5 ' end, th is  may rep resen t an in it ia t io n  codon or an in te rn a l m ethionine 

resid u e. I f  i t  i s  an in it ia t io n  codon then 313 amino a c id s  would be coded 

for, r e s u lt in g  in a 34 kDa p ro te in . This did not correspond to  the 66 kDa 

p ro te in  im m unoprecipitated by anti-EM4 antibody (Fig. 4.6). F urther evidence 

that th is  was not the genuine in it ia t io n  codon was provided by the fa ct 

that the 5 bases im m ediately upstream  o f th is  ATG did not conform to  the 

e u k a ry o tic  in it ia t io n  s i t e  consensus sequence ’CC(A/G)CCATG' (Kozak, 1984). 

This codon is , th e re fo re , u n lik e ly  to  rep resen t the tru e  in it ia t io n  s ig n a l. 

The genuine s ig n a l is  probably s itu a te d , going by the tra n s c r ip t  s iz e ,
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F ig u re  4.9 N ucleotide sequencing o f  EM4 cDNA.

(A) P a r t ia l  r e s tr ic t io n  map and sequencing s tr a te g y .

<B> N ucleotide and d erived  amino acid  sequences.

An a s te r is k  in d ic a te s  the tra n s la tio n  stop  codon. The p u ta tiv e  p o ly - 

ad en ylation  s ig n a l upstream  o f the poly  (A) t r a c t  is  underlined as i s  an 

N -linked carbohydrate accep tor s i t e  s itu a te d  at amino a cid s  240-242. Eco RI 

lin k e r  sequences used fo r  cloning a re  not shown.
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A

5' __________________________________________________________________________  3'
I I  I I

Eco RI Sst I S st I Eco RI
------------------------------------------------------------ >

------------------------------------------------------------------------->
---------------------------- >

<------------------------------------------------------------

B

CAG AAG TTC ATC ATC AAA CCG GCA GAC AAG TCC GCA AAG GAG TTT TTC 48
Gin Lys Phe l ie l i e Lys Pro Ala Asp Lys Ser Ala Lys Glu Phe Phe 16

TTC TTG GTG GAA AAA TCC AAG ATT AAC AAG CGC ATT TTG GCA TTG TGT 96
Phe Leu Val Glu Lys Ser Lys l i e Asn Lys Arg l ie Leu Ala Leu Cys 32

ACT GGC AAC CAT GAG CTC TAC ATG CGT AGA AGA AAG TCA GAC TCT ATT 144
Thr Gly Asn His Glu Leu Tyr Met Arg Arg Arg Lys Ser Asp Ser l i e 48

GAG GTG CAA CAG ATG AAG ATT CAG GCC AAG GAG GAA CGT GAA TTG AAG 192
Glu Val Gin Gin Met Lys l i e Gin Ala Lys Glu Glu Arg Glu Leu Lys 64

GAG GCT GAG AGA CAA CGC CTG AAG GAG GAA CGA TTG CAA CGT ATG GAA 240
Glu Ala Glu Arg Gin Arg Leu Lys Glu Glu Arg Leu Gin Arg Met Glu 80

AAT GAA CAG AAA CTG CGG GAG CTT CGT GCT CAA ATG GTC GAA AAG GAG 288
Asn Glu Gin Lys Leu Arg Glu Leu Arg Ala Gin Met Val Glu Lys Glu 96

TCT GAC TTA GCG GAT AT G AAG AAT AAG GCA TCT GCC TAT GAG AGT AAG 336
Ser Asp Leu Ala Asp Met Lys Asn Lys Ala Ser Ala Tyr Glu Ser Lys 112

ATT GCG GAG CTG GAG ATG CTG CTA CAG CAG GAG CGA CAT GCG CGT GAG 384
H e Ala Glu Leu Glu Met Leu Leu Gin Gin Glu Arg His Ala Arg Glu 128

AGT CTT CAG AAG AGC CAA GAC AAA CTG GCG GAG ATG AAC AGA AAG CTG 432
Ser Leu Gin Lys Ser Gin Asp Lys Leu Ala Glu Met Asn Arg Lys Leu 144

AAG GAG GAG ACT GCG GCA TCA GCC GAA GAG CGC GAC CGT CTG ATG GCC 480
Lys Glu Glu Thr Ala Ala Ser Ala Glu Glu Arg Asp Arg Leu Met Ala 160

CAG CGT GAC GAA GTG CAA CGC GAA GTT GAG GCT CAG AAG GTC GCC ATG 528
Gin Arg Asp Glu Val Gin Arg Glu Val Glu Ala Gin Lys Val Ala Met 176

GCC AAG AAG GAA GCT GAA AAG GCT CAG GCT GAA GCT GAG CTT CGC AGA 576
Ala Lys Lys Glu Ala Glu Lys Ala Gin Ala Glu Ala Glu Leu Arg Arg 192

Continued....
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EM4 cDNA sequence continued,

ATG CTG AGA ACA CGA TGC AAG CAC AAG TCC AGG TCA ATG GCA GTG GTG 624
Met Leu Arg Thr Arg Cys Lys His Lys Ser Arg Ser Met Ala Val Val 208

ACG CTC GCA GAT GAT GAA AGT GAA GCC AAG GAA CTT GAG GTG ATA CCA 672
Thr Leu Ala Asp Asp Glu Ser Glu Ala Lys Glu Leu Glu Val l ie Pro 224

AAT GTG AGG CGG ACG GAG GAA TCG AGG GTG ACG GCC GTC TCT AAG AAT 720
Asn Val Arg Arg Thr Glu Glu Ser Arg Val Thr Ala Val Ser Lys Asn 240

GAG ACA CTC AGA CGA AGC TGG CCA ACT AAA ATG GAG TTG AGC TCG ACA 768
Glu Thr Leu Arg Arg Ser Trp Pro Thr Lys Met Glu Leu Ser Ser Thr 256

CGC GAT CAG TCG AAA ATG CGC GAC ATT GAT CGT CGT CAT GAG TAC AAT 816
Arg Asp Gin Ser Lys Met Arg Asp l i e Asp Arg Arg His Glu Tyr Asn 272

GTG CGG GAG GGT AAT GAC AAG TAC AAG ACA CTG CGC AAC ATT CGC AAG 864
Val Arg Glu Gly Asn Asp Lys Tyr Lys Thr Leu Arg Asn l ie Arg Lys 288

GGC AAC ACC ATG TGT CGT GTT GAA CAG TTT GAG TCG ATG TAC AAA TGT 912
Gly Asn Thr Met Cys Arg Val Glu Gin Phe Glu Ser Met Tyr Lys Cys 304

TAC AGT TGT CTT CAT TCC CCT CAT CTT TCT GCA ATT TTG GAC CCT CTA 960
Tyr Ser Cys Leu His Ser Pro His Leu Ser Ala l i e Leu Asp Pro Leu 320

TCA CTA CGG TTA CTT CCT CAA TCA TGC TGC TAC AGT GCT ATC CAA CAT 1 008
Ser Leu Arg Leu Leu Pro Gin Ser Cys Cys Tyr Ser Ala l i e Gin His 336

TCC ATT TTT ATT CTC GCG ATG CAC ACC TGC CTT TTC ATT CTG CCC CTT 1 056
Ser l ie Phe l i e Leu Ala Met His Thr Cys Leu Phe l i e Leu Pro Leu 352

CTT ATC TAACGTCCACTTT ATT AAACTGCT ATCGT ACGCT A AAAAA AA AAAAAA A AAA 1 114
Leu H e * 354



-186-

approxim ately 500 bp upstream o f th is  codon. This region o f 5' sequence was 

absent from the incom plete EM4 cDNA analysed.

One N -linked o ligosacch arid e  acceptor s i t e  (Asn-Xxx-Ser/Thr) 

was s itu a te d  at amino ac id s 240-242 (underlined). This was pred icted  as 

secre ted  proteins are u su a lly  g ly co sy la ted . Data regarding 0 -lin k ed  

carbohydrate could not be obtained from the amino acid sequence on account 

o f the recogn ition  sequence for th is  m odification  being poorly defined  

(B itter , 1987).

The lack o f any recogn isab le  hydrophobic domains su g g e s tiv e  o f  

membrane spanning or anchoring was in accordance with the find ing that the  

EM4 n a tiv e  an tigen s are ex c re ted /se c re te d  and not membrane bound, however, 

no hydrophobic s ig n a l peptide was found d e sp ite  the fa ct that the n ative

p ro te in s  are ex cre ted /secre ted . Such a peptid e would occur at the amino-

term inal end of the protein , corresponding to  the 5' end o f the cDNA. The 

lack o f data r e la t in g  to  the 5' end o f the sequence, r e su lt in g  from the

a n a ly s is  o f a p a r t ia l cDNA, probably accounts for the m issing s ig n a l  

peptide.

No obvious major repeat sequences were d etected  w ithin  the

sequence, as have been found in some cloned p a ra site  an tigen s (Newport 

e t  a l.t 1987; Perler e t  aL, 1987; H orii e t  aL, 1988).

In order to  ascrib e  some function  to  the cloned peptide, and

hence to the n ative  an tigen s, the in ferred  amino acid sequence was compared 

with p rev iou sly  reported sequences in the PSEQIP Protein Sequence Database. 

A wide var ie ty  o f p ro te in s  contained sequences with lim ited  s im ila r ity  but 

none showed ex te n s iv e  homology, examples o f  those which dem onstrated the 

g r e a te s t  homology are g iven  in Figure 4.10. E. c o ll  IF-2, Fruit f ly  myosin 

and S. mansoni paramyosin are un lik ely  to  correspond to  the EM4 n ative  

an tigen s. No d e f in it iv e  inform ation regarding the function  o f the

recombinant EM4 peptide was, th erefore , obtained by comparison o f amino

acid sequence data. The sequence o f a com plete EM4 cDNA m olecule may

enable a more comprehensive an a lysis .
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F ig u re  4.10 Comparison of the EM4 recombinant peptide amino acid sequence, 

derived from the n u cleo tid e  sequence o f the cDNA, with th ose  o f p rev iou sly  

characterised  p ro te in s  using the PSEQIP Protein  Sequence Database.

Numbers 1 (£. c o li  IF -2) and 2 (Fruit f ly  m yosin-heavy chain) showed the

g r e a te s t  homology w ith number 15 (5. mansoni paramyosin) being the most

homologous protein  of p a ra site  orig in .

(*), matching amino acids.

(.), conservative su b st itu t io n s .
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JFIEC2 894 - Initiation -factor IF-2 - Escherichia col i
12.792 

No. 1 
IDs= 25 

Ratio 1

0.345 -0.150 0.006 1.618 72 3168
Scare= 123 Quality 21.192 Lac. Exp. 0. 1646E—02 3D 13.596 
C0Ns= 18 Mi sMatch= 30 Gaps= 2 E::p. No. 0. 124EE-02 3D 36.3 
cFaund/Expected) Identities 0.774 Positives 0.827 Negatives

121
122

. * * .t. u . . * * . * * . . **.*.. *.4.. .. . n. *
EESAKREAGQKAEREAAEQAKREAAEQAKREAAEKDKVSNQGDDMTKNAQAEKARREQEA 
QERHARE3LQK3QDKLAEM NRkLKEETAASAEERDRLMAQRDEVQREVEAQKVAMAKKE

191
181

11 * * * t ,tt.l
AELKRKAEEEARRKL 195 
AE KAQAEAELRRML 194

>A13942 165 - Myosin heavy chain - Fruit -fly (-fragment)
13.320 

No. 2
0.366 —0.165 0.006 3.626 78 4183
Score= 117 Quality 15.354 Loc. Exp. 0.4272E-02 3D 14.337

IDs = 24 CONs= 20 MisMatch= 47 Gaps= 0 Exp. No . 0.31E2E—02 3D 26.1
Ratia(Fcund/Expected> Identities 0.612 Positives'- 0.697 Negatives

19
63

*444 ** . **..*** .. . * * .. * . . * *
LDEAEANALKGGKKAIQKLEQRVRELENELDGEQRRHADAQKNLRK3ERRVKELSFQSEE 
LKEAERQRLKEERLQRMENEQKLRELRAQMVEKE3DLADMKNKA3AYE3KIAELEMLLQQ

79
123

. * . * . * *:**... 1 . . *
DP KNHERMQDLVDKLQQK. I K.T YK.RQ IEEAEE 10? 
ERHARESLQKSQDKLAEMNRKLKEETAASAE 153

>A259?3 43? - Paramyosin - Fluke (Schistosoma mansoni) (fragment)

12.521 
No. 15 
IDs= 13

0.79? -0.165 0.015 1.381 61 1124
Scar e= 99 Quality 31.935 Loc. Exp. 0.2240E-01 SD 4.752 
C0Ns= 9 MisMatch= 14 Gaps= 0 Exp. No. 0. 1775E+00 3D 9.4

Ratio (Found/Expected) Identities 0.S33 Positives 0.382 Negatives 
g

***.**.:**. *. * . * *  . *
233 YESNIADLEI0LDTANKANANLMKENKNLSQRVKDL 263
10? YESKIAELEMLLQGERHARESLQKSQDKLAEMNRKL 144
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4.4 DISCUSSION

The Mr o f the n a tiv e  p ro te in s  corresponding to  EM2 and EM4 

cloned an tigen s has been esta b lish ed . The discrepancy in Mr between the  

recombinant an tigen s and th e ir  corresponding n ative  p ro te in s  may be due to  

the cloning o f incom plete gene sequences and/or the e x is te n c e  o f

carbohydrate resid u es on the n a tiv e  protein s. Although th ese  p rotein s are 

expressed  by p ro tosco leces , th e ir  a b i l i t y  to  produce an antibody response  

w ithin  the human host d esp ite  the u su a l absence o f p ro to sco leces  within the  

human a lveo lar  cyst (Rausch and Wilson, 1973), su g g e s ts  that they are a lso  

present in or on the germ inal layer, or, in the case o f EM4, 

e x c re ted /secre ted  from th is  layer. A 70 kDa antigen  was id e n tif ie d  by

Lingelbach and Hinz (1984) as being c h a r a c te r is t ic  o f hydatid in fec tio n . 

This antigen  was recogn ised  by both human anti-E . multilocularis and a n t i-  

E. granulosus in fe c t io n  sera  and may, th erefore, be the same antigen  as that 

encoded by EM2. EM4 codes for a recombinant peptide that has ep ito p es

shared by 62 kDa, 49 kDa and 44 kDa n a tive  an tigens. It i s  probable that 

th ese  an tigen s a r ise  from the p o s t-tr a n s la t io n a l m odification  o f a s in g le  

precursor protein . A ll three p ro te in s  appear to be E/S products which

concurs with the find ing of high antibody le v e ls  s p e c if ic  to  th ese  p rotein s  

in human sera, as ex cre ted /se c re te d  an tigen s re leased  in to  the host system  

are gen era lly  good immunogens (Yong and Heath, 1984).

A ntigens re la ted  to  EM2 and EM4 native  an tigen s are present in 

p ro to sco leces  o f both U.K. s tr a in s  o f E. granulosus and in T. solium 
c y s tic e r c i, although they are not presen t in E. granulosus sheep cyst f lu id . 

This accounts for the c r o s s -r e a c t iv ity  o f the recombinant EM2 antigen  w ith  

human an ti-E . granulosus and a n ti-T . solium in fec tio n  sera . The conservation  

o f the EM 4-related n ative  p ro te in s  su g g e s ts  that the d ia g n o stic  

E. multilocularis-specificity dem onstrated by the recombinant EM4 antigen  i s  

the r e su lt  o f immunological fa c to rs . The fact that th e se  p rotein s are not 

ex c re ted /se c re te d  in to  the u n ilocu lar  E. granulosus cy st lumen may account 

for th is  s p e c ie s - s p e c if ic  immunological recogn ition . The presence o f r e la ted  

p rotein s in ta en iid s  other than E. multilocularis may create  d ia g n o stic  

com plications when using the cloned EM4 antigen as a d iagn ostic  reagent, 

p articu lar ly  in the case of drug trea ted  p a tien ts . Drug treatm ent has been 

found to  produce d isru ption  o f c y s t ic  m aterial (Eckert, 1986) which lead s to
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the r e le a se  o f p a ra site  an tigen s in to  the host system  that would not

normally be presented during the course o f  an in fec tio n . Antibody to th is  

p o te n tia lly  immunodiagnostic recombinant an tigen  may, th erefore, be found in 

d ru g-trea ted  E. g ra n u lo su s  and T. so liu m  in fe c ted  p a tien ts  and could r e su lt  

in incorrect d iagn osis, although th is  problem was not apparent with the 

drug trea ted  p atien t sera  te s te d  in the current study.

Lectin binding s tu d ie s  in d ica te  that the n a tive  an tigen s may be 

g ly co sy la ted , as would be expected o f  membrane bound (EM2) and

e x c re ted /secre ted  (EM4) p roteins. G lycosylation  of the EM4 p rotein s has been 

confirmed by the presence o f an N -linked carbohydrate binding s i t e  w ithin  

the recombinant peptide amino acid sequence.

The mRNA tra n scr ip ts  corresponding to  both c lon es have been 

p u ta tiv e ly  id en tified . The EM2 m essage i s  in the region o f 1 660 bp and the 

EM4 m essage is  approxim ately 1 514 bp in length. A p o te n tia lly  p ro tec tiv e  

B. m a layi antigen has been shown to  o r ig in a te  from a 1 800 bp tran scrip t  

(N ilsen e t a l , 1988) and an E. te n e l la  antigen  from a 2 150 bp mRNA 

(Profous-Juchelka e t  a l ,  1988). A d ia g n o stic  L. donovanl antigen  i s  coded 

for by a 20 000 bp tran scrip t (Blaxter e t  a l ,  1988) and two d iagn ostic

p ro te in s of 5. m ansonl have been found to  o r ig in a te  from 1 400 bp and

1 500 bp mRNAs (Klinkert e t  al., 1989). From the s iz e  o f the foreign  peptide

syn th esized  by EM2 and n u cleo tid e  sequencing of EM4, the len gth  o f the

cloned cDNAs were 1 050 bp and 1 114 bp, re sp ec tiv e ly . It was apparent, 

th erefore , that both c lon es contained only p a r tia l sequences. It was shown 

by Northern a n a ly sis  that greater  le v e ls  o f EM4, r e la t iv e  to  EM2, m essage

were present w ithin the p rotosco lex  developm ental s ta g e  used as the RNA 

source. The a r t i f ic ia l  a c tiv a tio n  o f the p ro to sco leces  by pepsin d ig e stio n  

may, however, have in fluenced  exp ression  le v e ls  of certa in  genes.

Only one protein  was p rec ip ita ted  by anti-EM4 antibody  

fo llow ing In v i tr o  tra n sla tio n  o f p ro tosco lex  to ta l  RNA. No protein  was 

p rec ip ita ted  by anti-EM2 antibody, perhaps confirm ing the low expression  

le v e ls  o f the EM2 g en e(s). The d e tec tio n  o f only one protein  with anti-EM4 

serum indicated  e ith e r  low abundance o f tra n scr ip ts  coding for the two 

sm aller native p ro te in s  or, a lte r n a tiv e ly , that the th ree  n a tive  an tigen s

or ig in a ted  from one mRNA sp ec ies . The confirm ation by Southern b lo ttin g  

that the native  an tigen s a r ise  from one type o f gene led  to  the su g g estio n  

that the 66 kDa protein  syn th esized  In  v i t r o  undergoes p o s t-tr a n s la t io n a l
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m odification  to  produce the three sm aller e x c re ted /secre ted  n a tive  an tigens. 

P o st-tr a n s la t io n a l processing  has been shown to  be involved in the  

generation  o f the immunodiagnostic S. mansoni p roteases, cathepsin  B and 

haem oglobinase, in th e ir  a c tiv e  forms (Klinkert et aL, 1989). Removal o f a 

s ig n a l peptide could account for the reduction in to  produce the 62 kDa 

EM4 n ative  antigen. The c lo se  s iz e  corre la tion  of the 62 kDa n ative  antigen  

with the 66 kDa c e l l - f r e e  tr a n s la te  product in d ica te s  that the n ative  

antigen  i s  not h igh ly  g ly co sy la ted . This may account for the high le v e l  of 

antibody present in some human a n t i-£ . multllocularis in fe c tio n  sera  

s p e c if ic  for the unglycosylated  recombinant antigen. The two sm aller (49 kDa 

and 44 kDa) EM4 n a tive  p rotein s must a r ise  from m odifications to the 66 kDa 

p re-p rote in  in addition  to  the removal o f a s ig n a l peptide, to  account for  

th e ir  decreased M,,.

Southern blot a n a ly s is  ind icated  that the EM2 n ative  antigen  

may be coded for by a complex s in g le -co p y  gene or by a m ulti-copy gene  

family. A p o te n tia lly  p ro tec tiv e  B. malayi antigen  has been shown to  be 

coded for by a m ulti-copy gene from sim ilar  s tu d ie s  (Perrine et aL, 1988). 

Data r e la tin g  to  EM4 in d ica tes  th at th e se  n a tive  an tigen s are probably 

coded for by a s in g le -co p y  gene. S. mansoni myosin (Newport et al., 1987), a 

d ia g n o stic  L. donovani antigen  (B laxter et aL, 1988) and d iagn ostic  

S. mansoni p rotein s (Klinkert et aL, 1989) may be coded for by s in g le -co p y  

genes as shown by s im ila r  s tu d ie s . The genes coding for an tigen s re la ted  to  

EM2 and EM4 n a tive  an tigen s in E. granulosus, T. solium and T. saginata, do 

not have the same genomic organ isa tion  as the E. multilocularis genes. 

Sim ilar find ings have been reported w ith regard to a d ia g n o stic  L. donovani 
antigen  gene a lso  found in L. tropica (B laxter et aL, 1988), however, Horii 

et al. (1988) have found that the genomic organ isa tion  o f the genes coding 

for two p o te n tia lly  p r o tec tiv e  P. falciparum an tigen s i s  conserved between 

two d iffe r e n t s tr a in s  o f  th is  p a ra site . The E. granulosus genes vary in 

organ isa tion  but re ta in  s ig n if ic a n t  homology at the n u cleo tid e  le v e l  to  the 

E. multilocularis genes, whereas the • T. solium and T. saginata genes, 

because o f reduced h yb rid isa tion  le v e ls ,  appear a lso  to  d if fe r  at the 

n u cleo tid e  le v e l  from the E. multilocularis genes. This may account, in part, 

for the lack o f c r o s s -r e a c t iv ity  o f the EM4 recombinant an tigen  with human 

a n t i - 7, solium in fe c tio n  sera.

N ucleotide sequencing o f the EM4 cDNA revealed  that the
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in ferred  amino acid sequence did not exh ib it any strong homology with

prev iou sly  reported sequences. This has a lso  been found with se v e r a l other  

sequenced recombinant an tigen s, for example, an S. mansoni p ro tec tiv e  

antigen  (B alloul et al, 1987), a B. bovis antigen  (G ill et al, 1987) and a 

p o te n tia lly  p ro tec tiv e  B. malayi an tigen  (N ilsen et al, 1988). No homology 

was a lso  apparent with the r ecen tly  reported S. mansoni p rotease  protein  

sequences o f Klinkert et al (1989). The lack of homology may have been 

a ttr ib u ta b le  to  the clon ing o f a novel or h igh ly  divergent gene and the

fact that the f u l l  gene sequence was not analysed. The sequence contained  

no repeated  elem ents at the n u c leo tid e  or amino acid le v e ls  which has a lso  

been found to  be the case in a B. bovis antigen  (G ill et al, 1987) and a 

p ro tec tiv e  S. mansoni antigen  (B alloul et al, 1987). R ep etitiv e  elem ents

have, however, been found in S. mansoni myosin (Newport et al, 1987), an 

abundant F. knowlesl antigen  (Perler et al, 1987) and a p o te n tia lly

p ro tec tiv e  P. falciparum antigen  (Horii et al, 1988). A hydrophobic s ig n a l  

peptide was not found in the EM4 sequence d esp ite  the fact that the n ative  

an tigen s are ex cre ted /secre ted . Sequencing o f the 5' end of a com plete cDNA 

m olecule may r eso lv e  th is  and may a lso  a llow  homology w ith an e x is t in g  

protein  sequence to be found, thereby allow ing a p o ss ib le  function  for th is  

cloned peptide to  be determined. Only one other Echinococcus sp. an tigen  has 

been ch aracterised  at the m olecular le v e l  (Shepherd, 1988). The amino acid  

sequence o f the recombinant E. granulosus peptide when compared to e x is t in g  

data, ind icated  a p o ss ib le  p ro tease  in h ib itio n  function. This was 

subsequently  confirmed by biochem ical a n a ly s is  o f the ex c re ted /se c re te d  

n ative  antigen  (antigen B). Although the EM4 native  an tigen s are 

ex c re ted /se c re te d  from the p a ra site , the recombinant peptide did not 

dem onstrate sequence homology w ith the cloned E. granulosus peptide and 

furtherm ore, no d i f f ic u lt y  was experienced in exp ressin g  the EM4

recombinant antigen  in E. coll, in  con trast to  the cloned E. granulosus 
peptide which proved to  be poorly expressed  by the X g tll system , p ossib ly  

on account o f i t s  p rotease  in h ib itio n  p rop erties  (Shepherd, 1988). Therefore, 

i f  the EM4 recombinant an tigen  i s  b io lo g ic a lly  a c tiv e , i t  i s  u n lik ely  to  

perform a p rotease  in h ib itio n  function. This remains to  be confirmed, 

however, by further s tu d ie s .
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CHAPTER 5

5 SUMMARY AND FUTURE INVESTIGATIONS

5.1 SUMMARY

L it t le  work has been performed on the ch aracter isa tion  of 

an tigen s from E. multilocularis (Schantz and G ottste in , 1986), although a 

prelim inary study (Lingelbach and Hinz, 1984) has id e n tif ie d  those an tigen s  

c h a r a c te r is t ic a lly  immunogenic in human E. multilocularis in fec tio n . Only 

recen tly  has the requirement for large  q u a n titie s  o f w ell ch aracterised  

antigen  for the immunodiagnosis o f AE been recogn ised  (G ottstein  et al., 
1983). The most s u c c e s s fu l attem pt, to  date, to r e c t ify  th is , has been the  

work of G ottste in  et al. (1983) with the resu lta n t iso la t io n  o f an 

E. multilocularis-specific antigen , designated  Em 2a (G ottstein , 1985). 

Provision of th is  antigen, however, r e l ie s  h eav ily  on a read ily  a va ilab le  

source o f p a ra site  m aterial. In th is  th e s is , m olecular cloning technology has 

been employed to overcome th is  problem and to  f a c i l i t a t e  antigen  

ch aracterisa tion .

An E. multllocularis X g tll  exp ression  library has been 

constructed  and d if fe r e n t ia lly  screened with pools o f human a n t i-  

E. multilocularis and an ti-E . granulosus in fe c t io n  sera. Two p u ta tiv e ly  

E. multilocularis-s p e c if ic  c lon es were id e n tif ie d  and te s te d  using pools o f  

various h etero logou s human in fe c t io n  sera  and panels o f ind iv idu al human 

anti-E . multilocularis, an ti-E . granulosus and a n t i-? , solium in fe c tio n  sera. 

The 3 -g a l fu sio n -p ep tid e  syn th esized  by one clone (EM2) was shown to  

c r o ss-r ea c t  with ind iv idu al h etero logou s sera  and, therefore, has lim ited  

d iagn ostic  value. The p -g a l fu sio n -p ep tid e  produced by the other clone  

(EM4), p u r ified  in both the denatured and non-denatured s ta te s , was shown 

to  have poor d iagn ostic  s e n s it iv i ty .  In fected  mice produced antibody  

s p e c if ic  for th is  antigen  sh o r tly  a fte r  in fec tio n , however, in d ica tin g  i t ' s  

p o te n tia l for ap p lication  in early  d iagn osis. Expression o f the EM4 antigen  

fused to  GST using a plasmid vector, allowed confirm ation of i t ' s  100% 

immunological s p e c ie s - s p e c i f ic i t y  and produced a s lig h t  improvement in 

d iagn ostic  s e n s it iv i ty ,  th is  proved in su ff ic ie n t , however, to  enable i t s  

p ra c tica l use as a reagent for the d etection  o f c ircu la tin g  antibody. The
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a lte r n a tiv e  vector did, however, produce major improvements with regard to  

the production and p u r ifica tio n  o f the recombinant antigen. Background 

antibody binding with human sera  was a lso  reduced with the GST carrier  

protein  r e la t iv e  to  that produced by p -ga l.

The m olecular cloning s tr a te g y , in addition  to  f a c i l i t a t in g  the  

id e n tif ic a t io n  and production o f a p o te n tia lly  immunodiagnostic reagent, has 

allow ed d eta iled  ch a ra cter isa tio n  o f the n a tive  E. m u l t i lo c u la r ls  an tigen s. 

The n a tive  an tigen  corresponding to  EM2 has a M,. o f 70 kDa and those  

recogn ised  by anti-EM4 antibody have M,,’s  o f 62 kDa, 49 kDa and 44 kDa. In 

addition to  being produced by p ro to sco leces , the EM2 antigen  may be 

lo ca lise d  in or on the germ inal layer  and the EM4 an tigen s may be 

ex cre ted /secre ted  from th is  layer. A ntigens re la ted  to  EM2 and EM4 n ative  

an tigen s have been found in E. g ra n u lo su s  (sheep and horse s tr a in )  and 

T. so lium  ex tr a c ts . This accounted for the c r o s s -r e a c t iv ity  o f the  

recombinant EM2 antigen  and showed that the d iagn ostic  s p e c if ic i ty  o f EM4 

was due to d if fe r e n t ia l  immunological recogn ition . This may be a ttr ib u ta b le  

to  the lack of e x c r e t io n /se c r e t io n  o f  the EM4 re la ted  n ative  an tigen s by 

the m etacestodes o f some ta en iid s , coupled with low le v e ls  o f immunological 

c r o ss -r e a c t iv ity  in the case o f an tigen s produced by d is ta n tly  re la ted  

p arasite  sp ec ie s . The n ative  an tigen s corresponding to  both c lon es may be 

g lycosy la ted . This has been su b sta n tia ted  in the case  o f EM4 by the find ing  

of an N-linked g ly co sy la tio n  s i t e  w ith in  the cloned cDNA sequence.

The mRNA tra n scr ip ts  corresponding to  th ese  c lon es have been 

p u ta tiv e ly  id e n tif ie d . The s iz e  o f th ese  in d ica tes  that the cDNA in s e r ts  o f  

EM2 and EM4 do not represent e n tir e  coding sequences. The EM2 tran scr ip t  

may o r ig in a te  from e ith er  a s in g le  or m ulti-copy gene. The EM4 tran scr ip t, 

on the other hand, probably a r is e s  from a s in g le -co p y  gene. This tran scr ip t  

appears to code for a precursor peptide which undergoes p o s t-tr a n s la t io n a l  

processing  to  g iv e  r is e  to three n a tiv e  an tigens. The genomic organ isa tion  

o f EM2 and EM4 r e la ted  genes i s  not conserved across sp e c ie s  boundaries, 

the degree o f h e terogen e ity  in creasin g  the more d is ta n tly  r e la ted  the 

p arasite , as was an tic ip ated .

Comparison o f the recombinant EM4 antigen  amino acid sequence  

with e x is t in g  data has revealed  no s ig n if ic a n t  hom ologies and p o ss ib le  

reasons for th is  have been d iscu ssed . A p o te n tia l function  for the EM4 

n ative  an tigen s has not, th erefore, been determined.



5.2 FUTURE INVESTIGATIONS

The d ia g n o stic  s e n s it iv i t y  o f the EM4 recombinant antigen  when 

used to d etect s p e c if ic  antibody may be improved by, 1) exp ression  o f a 

fu ll- le n g th  cDNA clone, iso la te d  from the o r ig in a l library  using the e x is t in g  

EM4 cDNA in ser t as a probe, and 2) removal o f the GST carrier  protein  from 

the antigen, fo llow ing expression  using  e ith er  pGEX-2 or 3. Should th ese  

approaches f a i l  to  produce the d esired  r e su lt , s p e c if ic  anti-EM4 an tib od ies, 

produced by the hyperimmunisation of anim als with EM-GSTFP4, could be used  

in  an attem pt to  d etec t c ircu la tin g  n ative  EM4 an tigen s in human sera  

(G ottste in  e t  a l ,  1984; Craig and Nelson, 1984; Craig, 1986). The d e tec tio n  

o f both c ir cu la tin g  anti-EM4 antibody and n a tive  EM4 an tigen s may a lso  be 

enhanced by the prior treatm ent o f t e s t  sera  to d is so c ia te  immune complexes 

(Craig and Nelson, 1984; Craig, 1986).

I f  the EM4 recombinant antigen  alone proves to  be inadequate  

for e f f e c t iv e  d iagn osis , ch a ra cter isa tio n  o f the remaining Xgt l l  p u ta tiv e ly  

s p e c if ic  clones, p a rticu la r ly  1, 3 and 6, w ill  be necessary. This may revea l 

a clone (or c lon es) with su ita b le  d ia g n o stic  p rop erties  when used alone, or 

which could be used in conjunction w ith EM4 in an antigen  'cocktail'.

P recise  lo c a lisa t io n  o f the EM2 and EM4 n a tive  an tigen s w ithin  

the p rotosco lex  should be determ ined by probing t is s u e  se c t io n s  with a n ti­

fu sio n -p ep tid e  antibody, follow ed by la b e llin g  with flu orescen t conjugated  

second antibody. Regions o f antibody binding w ill  then be revealed  upon 

m icroscop ical examination.

D etailed  molecular ch ara cter isa tio n  o f EN52 may n e c e ss ita te  the 

prior iso la t io n  o f a clone from which the cDNA in ser t  can be excised . This 

w ill  require rescreen ing of the lib rary  with mouse anti-EM-(3galFP2 serum. 

An a lte r n a tiv e  approach (G yllensten and Erlich, 1988) would be to use the 

polymerase chain reaction  in conjunction with Xgt l l  primers that flank the 

in ser tio n  s i t e ,  to  sy n th esize  s in g le  strand DNA from the e x is t in g  EM2 clone  

which could be sequenced d irec tly .

The p u ta tive  function  o f the EM4 n a tive  an tigen s may be 

e lu cid ated  fo llow in g  the determ ination o f the n u cleo tid e  sequence o f a f u l l -  

length  cDNA. Should no homology with p reviou sly  characterised  p rotein s be 

found, te s t in g  of the recombinant peptide with a range o f biochem ical 

assays may determ ine the function  o f the corresponding n a tive  antigens.
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A fu rth e r  p o te n t ia l  use o f  the cloned a n tig en s  may be with 

regard  to  inducing p r o te c t iv e  immunity w ith in  the interm ed iate  or d e f in i t i v e  

hosts . This could be t e s te d  r e l a t i v e l y  e a s i l y  in the case o f  the 

interm ed iate  host, as the m etacestode in fe c t io n  can be produced re a d ily  in 

la b o ra to ry  mice. I t  has already  been shown in th is  stu d y  that the EM4 

n a t iv e  antigens are  capable o f  s t im u la t in g  a s tron g  humoral response in 

th ese  animals, which s u g g e s ts  that the recombinant peptide may prove to be 

o f  va lu e  as a vaccine candidate.
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The isolation, by differential antibody screening, of Echinococcus 
multilocularis antigen gene clones with potential for immunodiagnosis
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A Xgtll cDNA expression library consisting of a million recombinant clones has been constructed from Echinococcus multilo­
cularis protoscolex mRNA. Differential screening of the library with pools of E. multilocularis and Echinococcus granulosus hu­
man infection sera has revealed 13 potentially immunodiagnostic clones. On the basis of plaque immunoassays and lysogen char­
acteristics, two of these clones, designated EM2 and EM4, have been further characterised. The recombinant fusion-peptides have 
been purified and their potential as immunodiagnostic reagents has been assessed by immunoblotting and, in the case of one fu­
sion-peptide (EM4), by enzyme-linked immunosorbent assay (ELISA). Furthermore, the native parasite antigens coded for by 
these clones have been identified. EM2 corresponds to a 70 kDa protein and epitopes coded for by EM4 have been found on three 
antigens of 62, 49 and 44 kDa. The native antigens of both clones are present in the protoscolex and those corresponding to EM4 
appear to be excreted/secreted products. They are not recognised in ELISA by a variety of human parasitic infection sera other 
than sera taken from patients infected with E. multilocularis. Nevertheless, the native antigens for both clones are present in E. 
granulosus protoscoleces and Taenia solium cysticerci. These antigens are not detectable in E. granulosus cyst fluid, and this may, 
in part, explain the lack of immune response to them in human E. granulosus and T. solium infections.

Key words: Echinococcus multilocularis-, Xgtll cDNA library; Differential antibody screening; Immunodiagnosis

Introduction

One of the most lethal zoonotic diseases known 
to man, ‘alveolar echinococcosis’ (AE), is caused 
by the metacestode stage of Echinococcus multi­
locularis. The symptoms of the disease are often 
confused with those of hepatic carcinoma and
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nology, Prince Consort Road, London SW7 2BB, U.K.

* Present address: Queensland Institute of Medical Research, 
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Abbreviations: SDS-PAGE, sodium dodecyl sulphate-poly- 
acrylamide gel electrophoresis; ELISA, enzyme linked im­
munosorbent assay; PMSF, phenylmethylsulphonyl fluoride; 
IPTG, isopropyl (3-D-thiogalactopyranoside; HRP, horserad­
ish peroxidase; (3-gal, (3-galactosidase; 2-me, 2-mercaptoeth- 
anol; DAB, 3,3'-diaminobenzidine; AE, alveolar echinococ­
cosis; CE, cystic echinococcosis; PBS, phosphate buffered 
saline; TBS, tris-buffered saline; TNT, Tween-20/Nonidet- 
P40/TBS; NHS, normal human serum.

correct diagnosis is usually only made when the 
condition is well advanced. Consequently, only 
20-40% of cases are surgically resectable and, of 
the remaining non-resectable cases, 90% die 
within 10 years of diagnosis [1], The closely re­
lated species E. granulosus, the causative agent 
of ‘cystic echinococcosis’ (CE), is often found in 
the same geographic locality [2] which further 
complicates precise diagnosis.

Methods for the diagnosis of AE and CE have 
been reviewed by Schantz and Gottstein [1]. Non- 
immunological methods, e.g. computerised axial 
tomography, ultrasound scanning and angiogra­
phy are relatively complex, require highly trained 
operatives, produce data which is often difficult 
to interpret, are expensive and offer poor pros­
pects for early diagnosis. Immunological tech­
niques can overcome many of these problems but, 
with the use of crude antigen extracts, they too 
are limited by cross-reactivity which often results 
in false positive reactions. The availability of well 
characterised parasite material for use as antigen

0166-6851/89/S03.50 ©  1989 Elsevier Science Publishers B.V. (Biomedical Division)
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in these tests is also a further drawback. In an at­
tempt to reduce cross-reactivity, an E . m u ltilo -  

cularis species-specific antigen has been purified 
by classical affinity chromatography techniques 
[3], This has subsequently been shown to be ef­
fective in enzyme-linked immunosorbent assay 
(ELISA) producing a 95% discrimination rate 
between AE and CE [4]. Unfortunately, this work 
has not overcome the problems of antigen avail­
ability.

The recent advances in molecular biology can 
potentially provide unlimited amounts of pure, 
well-characterised parasite protein. Work of this 
type has been performed on many types of infec­
tious organism [5], although the only recorded 
studies with cestodes have been the construction 
of a Taenia  taen iaeform is Xgtl 1-amp 3 cDNA 
expression library [6] and the cloning of Taenia  

o vis antigen genes into the pEXl/2/3 series of 
expression plasmids [7] in order to facilitate vac­
cine development. Most studies, to date, con­
cerned with cloning of parasite antigen genes have 
concentrated on the production of putative pro­
tective molecules, whereas very little work has 
been performed with regard to diagnostic anti­
gens. One example of the latter is the work per­
formed by Klinkert et al. [8] concerning the im- 
munodiagnosis of S ch isto so m a  m a n so n i.

In this paper, we describe the isolation of two 
E . m ultilocularis antigen gene clones directly from 
a \g t l l  cDNA expression library using a differ­
ential antibody probing technique. The diagnostic 
efficacy of the recombinant peptides synthesized 
by these clones is demonstrated by immunoblot- 
ting and ELISA and preliminary characterisation 
of the corresponding native parasite antigens is 
presented.

Materials and Methods

P rep a ratio n  o f  parasite m aterial. E . m u ltilo c u ­
laris metacestode material was obtained from 
laboratory reared cotton rats infected by inter- 
peritoneal passage.

Crude E . m u ltilo cu la ris  antigen extract (AgA) 
and T aenia  so liu m  whole antigen extract (cysti- 
cerci from Mexican patients) were prepared from 
whole cyst material by one freeze-thaw cycle, 
sonication for 2 x 30 s at maximum amplitude 
(MSE Soniprep 150) and 5 strokes in a dounce

homogeniser.
Pools of E . g ra n u lo su s  sheep cyst fluid (aspir­

ated from abattoir-collected unilocular hydatid 
cysts) and E . m u ltilo cu la ris  cyst fluid (aspirated 
from cotton rat alveolar cysts) were clarified by 
centrifugation at 4000 x g  for 15 min at 4°C and 
concentrated in an Amicon ultrafiltration cell 
(Amicon Corp., U.S.A.) over a YM2 (1 kDa cut­
off) membrane.

‘Purified’ protoscoleces of E. m ultilocularis and 
E . g ra n u lo su s  were prepared by the pepsin diges­
tion technique described earlier [9,10]. E . m u lti­
locu laris protoscolex excreted-secreted (E/S) 
products were obtained by in vitro culture of pur­
ified protoscoleces under sterile conditions in 
RPMI-1640 medium (Gibco) for 5 days with slow 
rotation at 37°C. The medium was changed daily 
and collection commenced after the first two days 
of culture. The medium was then passed through 
an Acrodisc filter (0.45 pm) and concentrated by 
ultrafiltration as described above.

A n tisera . Human E . m u ltilo cu la ris  infection sera 
were obtained from 13 confirmed French AE pa­
tients. The E . g ra n u lo su s  human infection sera 
were obtained from Kenyan (9 individual sera and 
a pool), U.K. (3 individual sera) and Spanish (a 
pool of 15 sera) confirmed CE patients. Other 
human parasitic infection sera were obtained from 
confirmed cysticercosis patients (a pool of 19 
Zimbabwean and 4 Mexican sera) and the A s -  

caris su u m , B ru g ia  m alayi, O n c h o ce r ca  vo lv u lu s, 
S ch isto so m a  h a em a to b iu m  and S ch isto so m a  m a n ­
so n i serum pools were from various endemic re­
gions. Normal human serum (NHS) was a pool of 
4 sera from U.K. laboratory workers.

Rabbit antiserum was raised by subcutaneous 
injection of 250 pg E . m u ltilo cu la ris  AgA protein 
in Freund’s complete adjuvant as primary inocu­
lation, followed, after 14 days, by a secondary 
boost in Freund’s incomplete adjuvant. Subse­
quent booster inoculations of 5 mg parasite pro­
tein in 0.15 M NaCl, 16 mM Na2H P 0 4, 4 mM 
NaH2P 0 4 (pH 7.3) (PBS) were administered at 
14 day intervals.

Mouse antiserum was raised as above using 50 
pg for each inoculation at 7 day intervals.

Protein concentration was estimated by the 
Bradford method [11].
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Immunoblotting and ELISA. Proteins were sep­
arated by SDS-PAGE according to Laemmli [12] 
using thin-slab 5-20% gradient gels in an LKB 
electrophoresis apparatus. Samples were loaded 
in the buffer described by Studier [13] with 5 min 
boiling prior to loading with or without 2-mer- 
captoethanol (2-me). Transfer of proteins to ni­
trocellulose [14] was performed in a BioRad 
transfer cell using 80 mA overnight. Non-specific 
binding was blocked by incubation of nitrocellu­
lose strips with 5% (w/v) skimmed milk (blotto) 
in PBS for 1 h at room temperature. Unbound 
primary and secondary antibody was removed by 
extensive washing with 0.1% (v/v) Triton X- 
100/0.05% (v/v) Tween-20 in PBS (wash solu­
tion). Antisera and horseradish peroxidase 
(HRP)-conjugated secondary antibody (Sigma, 
1:1000 dilution) were diluted in wash solu­
tion/! % (w/v) blotto. Incubations were for 2 h at 
room temperature and bound antibody was de­
tected using 3,3'-diaminobenzidine (DAB) sub­
strate.

The ELISA procedure [15] used HRP-conju- 
gated second antibody (Sigma, 1:1000 dilution) 
and o-phenylene diamine as chromogenic sub­
strate.

Construction o f E. multilocularis Agtll expression 
library. Total RNA was isolated from purified 
protoscoleces using a variation of the method of 
Chirgwin et al. [16]. Protoscoleces were dis­
rupted by dounce homogenisation in the pres­
ence of guanidinium thiocyanate and RNA was iso­
lated by caesium chloride gradient centrifugation.

Partial purification of poly(A)+ mRNA was 
achieved with one cycle of enrichment on ‘Ely- 
bond' messenger affinity paper (Amersham) ac­
cording to the manufacturer’s recommended pro­
cedure.

Double stranded cDNA was synthesized from 
1 (jig of mRNA according to the ribonuclease H 
method [17]. This was subsequently cloned [18] 
into Xgtll arms (Stratagene). Reagents and pro­
tocols for cDNA synthesis and cloning were sup­
plied by Amersham International. The library was 
amplified once prior to screening.

Differential antibody screening. Plaques were 
screened using a variation of the protocol of

Huynh et al. [18]. Replica nitrocellulose filters 
(Schleicher and Schuell), taken after incubating a 
fresh isopropyl £-D-thiogalactopyranoside (IPTG) 
saturated filter on the plate for a further 2 h at 
37°C, following removal of the first filter, were 
blocked with 5% (w/v) blotto in 50 mM Tris-HCl 
pH 8.0, 150 mM NaCl (TBS) for 1 h at room 
temperature. They were then incubated for 2 h at 
room temperature with the respective antibody 
probe diluted in 1% (w/v) blotto in 0.05% (v/v) 
Tween-20/0.05% (v/v) Nonidet-P40/TBS (TNT). 
The optimum dilution of the probe antisera was 
determined previously by immunoblotting against 
AgA. Unbound antibody was removed by exten­
sive washing with TNT. Bound antibody was de­
tected with HRP-conjugated second antibody di­
luted 1:1000 (Sigma) together with DAB substrate 
as chromogen.

Human sera used for screening were subjected 
to several cycles of absorption against lysed, Xgtll 
infected E. coli cells bound to nitrocellulose fil­
ters prior to use, in order to reduce background 
signal levels.

Spot-lysis arrays of purified clones were pro­
duced by spotting 1 (jcl dots of phage stock onto 
a lawn of Y1090 cells containing 10 mM IPTG. 
Following diffusion of the phage into the lawn, the 
incubation of plates and processing of filters was 
identical to that described above.

Eysogen construction and fusion-peptide purifi­
cation. Lysogens of recombinant clones were 
produced [18] by infecting exponentially growing 
Y1089 cells with Xgtll phage. Lysogenic colonies 
were selected according to their temperature sen­
sitivity.

Fusion-peptides were produced [18] by induc­
ing exponentially growing lysogens at 42°C for 20 
min and, following the addition of IPTG to 10 
mM, incubating for a further 2 h at 37°C. Cells 
were harvested at room temperature by centrif­
ugation at 4000 x g for 5 min. The pellet was re­
suspended in 1/100 original volume of PBS/1 mM 
EDTA/1 mM phenylmethylsulphonyl fluoride 
(PMSF) and one freeze-thaw cycle plus sonica- 
tion at 4°C for 5 x 10 s at maximum amplitude 
was used to lyse the cells and decrease chromo­
somal DNA viscosity.

To purify recombinant peptides, crude lysate,
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equivalent to 100 ml of culture volume, was 
loaded under reducing conditions on a 7.5% 
preparative sodium dodecyl sulphate-polyacryl­
amide gel electrophoresis (SDS-PAGE) gel. Fol­
lowing electrophoresis, protein bands were vis­
ualised by precipitating unbound SDS with 4 M 
sodium acetate at room temperature. The fusion- 
peptide band was excised and the protein elec- 
troeluted at 100 V overnight using a modified 
LKB tube-gel apparatus which consisted of di­
alysis tubing fixed to the base of the tube con­
taining the gel slice. Extensive dialysis against PBS 
was used to remove excess SDS and the sample 
was concentrated to a final volume of 1 ml in a 
Minicon-B (Amicon) ultrafiltration cell (15 kDa 
cut-off). The approximate yield and purity was 
estimated by SDS-PAGE of fusion-peptide ali­

quots alongside known concentrations of com­
mercially available (3-gal (Sigma). The fusion- 
peptides were then tested by immunoblotting and 
ELISA.

Affinity purification of specific anti-fusion-peptide 
antibody. 105 phage of the clone of interest were 
plated out on Y1090 cells in the presence of 10 
mM isopropyl (3-D-thiogalactopyranoside (IPTG). 
Following growth for 4 h at 42°C, a nitrocellulose 
disc was placed on the lawn and, after a further 
2 h incubation at 37°C, the disc was removed and 
blocked with 5% (w/v) blotto/tris-buffered saline 
(TBS) as described previously. The filter was then 
incubated as before with preabsorbed rabbit anti- 
E. multilocularis AgA serum. Unbound antibody 
was washed off as before and the remaining bound

Fig. 1. SDS-PAGE and immunoblotting of human infection sera. (A) AgA tested with: lanes 1-13, individual human anti-£. 
multilocularis sera (French origin); lane 14, normal human serum. (B) Sheep cyst fluid tested with: lanes 1-14, human anti-E. 
granulosus sera; lanes 1-3, U.K. individual sera; lane 4, Spanish pool; lanes 5-13, Kenyan individual sera; lane 14, Kenyan pool; 

lane 15, NHS. 10 [xg of protein was used per strip for both antigens. Proteins were reduced prior to electrophoresis.
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antibody was stripped from the filter by incuba­
tion with 0.1 M glycine pH 2.6, 0.15 M NaCl for 
1 min at room temperature. The eluate was col­
lected and immediately re-equilibrated with 1/25 
volume 2 M Tris-HCl pH 8.0.

Results

Construction and differential screening o f the kgtll 
library’. The Xgtll library, titred using the chromo­
gen 5-bromo-4-chloro-3-indolyl (3-D-galactopyr- 
anoside in the presence of IPTG, was found to 
contain 106 recombinant clones. Prior to screen­
ing of clones, the individual E. multilocularis and 
E. granulosus human infection sera to be used 
were tested by immunoblotting against AgA (Fig. 
1A) and sheep cyst fluid (Fig. IB), respectively. 
This was to ensure that any serum which recog­
nised anomalous antigens could be excluded from 
the serum pool used for screening. In the case of 
the anti-£. multilocularis sera, only one appeared 
to present a substantially different antigen rec­
ognition profile (Fig. 1A, lane 4). This serum was 
therefore omitted from the pool used for screen­
ing. The anti-£. granulosus sera all appeared to 
recognise the same major antigens, although some

heterogeneity was observed regarding the minor 
antigens. The consequences of this, however, 
would have been minimised by the pooling of the 
sera.

Following amplification, 106 recombinant phage 
were probed with the pooled human E. multilo­
cularis infection sera. 364 clones produced posi­
tive signals and these were picked and pooled. 
These clones were then differentially screened 
with E. multilocularis and E. granulosus human 
infection sera pools and 13 putatively E. multi- 
locularis-specific clones were isolated. In order to 
ascertain the degree of specificity and immuno- 
genicity of these clones, spot-lysis arrays were 
made and probed with the two serum pools (Fig. 
2). Colour intensity varies significantly depending 
on the degree of antibody binding and, using this 
criterion, high levels of antibody to clone 4 were 
present only in the human anti-£. multilocularis 
pool. Clones 1, 2, 3 and 6 also appeared to pro­
duce darker plaques with the E. multilocularis 
antibody probe. Clone 1 reacted strongly with the 
anti-£. granulosus pool, although this may have 
been an artifact produced during the screening 
procedure, possibly due to uneven protein trans­
fer to the nitrocellulose filter.

1

6

11

5 4

10 9

2

\ g t 1 1

6 7

13 12

Fig. 2. Differential screening of antigen-expressing clone replica plaque arrays with human infection sera. Recombinant clones 
are numbered 1-13 and the Xgtll negative control is arrowed. Filters were probed with: (A) preabsorbed pooled human anti-E.

multilocularis; (B) preabsorbed pooled human anti-E. granulosus.
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Analysis o f recombinant fusion-peptides. Lyso- 
gens were constructed of all 13 putatively E. mul- 
tilocularis-specific clones together with non-re- 
combinant Xgtll and an aliquot of crude lysate of 
each was electrophoresed on a 7.5% SDS-PAGE 
gel (data not shown). Clones 1, 3 and 6, although 
immunogenic by plaque immunoassay, did not 
produce lysogens which would yield sufficient fu­
sion-peptide to justify their inclusion in further 
studies using this expression vector. Clones 2 and 
4 (designated EM2 and EM4 respectively) pro­
duced lysogens which did yield significant amounts 
of fusion-peptide (Fig. 3), and further work was, 
therefore, concentrated on these clones. The fu­
sion-peptide of EM2 (designated EM-(3galFP2) 
(lane 2) had an apparent size of 155 kDa. This 
corresponds, when compared to the 116 kDa of 
(3-gal (lane 1), to approximately 39 kDa of E. 
multilocularis peptide. The EM4 fusion (desig­
nated EM-(3galFP4) (lane 3) had an apparent size 
of 162 kDa corresponding to approximately 46 
kDa of parasite peptide.

Diagnostic potential o f fusion-peptides as tested by 
immunoblotting and ELISA . Purified EM- 
(3galFP2 and EM-(3galFP4 were subjected to SDS- 
PAGE and immunoblotting. Each was tested with 
the pools of human anti-E. multilocularis and anti- 
E. granulosus sera to confirm whether relatively 
high levels of antibody towards these two pep­
tides was present only in the E. multilocularis in­
fection serum pool (Fig. 4). The dilution used for 
each human pool was determined previously by 
immunoblotting against AgA (data not shown) to 
ensure that equivalent levels of antibody were 
used. NHS (lanes 1 and 4), used at the same di­
lution as the lowest titre infection serum pool, 
showed no significant antibody binding. The 
pooled human anti-E. multilocularis serum (lanes 
2 and 5) produced a strong band at the expected 
Mr of both fusion-peptides. Additional bands of 
lower Mr were also present in both cases, the most 
likely explanation for this being the proteolytic 
degradation of the fusion-peptides. The human 
anti-E. granulosus pool (lanes 3 and 6) did not 
react with either fusion-peptide band.

The incorporation of purified fusion-peptide 
into an ELISA assay proved possible only with 
EM-(3galFP4. EM-(3galFP2 did not bind antibody

when used with this technique, possibly because 
of its relatively weak antigenicity combined with 
its inefficient binding to the ELISA plate in the 
presence of SDS. Pools of human anti-E. multi­
locularis, anti-E. granulosus and anti-E. solium 
sera and NHS were tested by ELISA against EM- 
(3galFP4 (Fig. 5A) and native (3-gal (Fig. 5B). 
EM-(3galFP4 bound high levels of antibody only 
with the human anti-E. multilocularis serum. Hu-
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Fig. 3. Analysis of lysogen lysates, after induction with IPTG, 
by SDS-PAGE and Coomassie blue staining. Y1089 E. coli 
cells were lysogenised with: lane 1, nonrecombinant Xgtll; lane 
2, recombinant clone 2 (EM2); lane 3, recombinant clone 4 
(EM4). Extracts were reduced prior to electrophoresis. The 

fusion-peptide bands are arrowed.
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Fig. 4. SDS-PAGE and immunoblotting of purified fusion- 
peptides with human infection sera. Lanes 1-3, EM-(3galFP2 
probed with: lane 1, normal human serum; lane 2, pooled hu­
man anti-£. multilocularis; lane 3, pooled human anti-E. 
granulosus. Lanes 4-6, EM-(3galFP4 probed with: lane 4, nor­
mal human serum; lane 5, pooled human anti-£. multilocu­
laris; lane 6, pooled human anti-E. granulosus. 2 p.g of puri­
fied fusion-peptide was used per strip. Proteins were reduced 
prior to electrophoresis. The undegraded fusion-peptide bands 

are arrowed.

man anti-E. granulosus and anti-E. solium sera 
produced levels of binding similar to that of NHS. 
(3-gal produced a background level of binding with 
all sera similar to that of NHS. Table I shows the 
ELISA values obtained when various, diverse 
human infection sera were tested against EM- 
(3galFP4 and (3-gal. No significant level of anti- 
EM-(3galFP4 antibody was bound with any of the 
sera apart from the human anti-E. multilocularis 
serum pool. All sera produced similar levels of

binding to (3-gal. High levels of anti-(3-gal anti­
body were present at low serum dilution due to 
the inherent human response to (3-gal produced 
by, for example, gut microflora [8].

Immunoblotting of anti-fusion-peptide antibody 
with parasite antigen extracts. Preliminary char­
acterisation of clones EM2 and EM4 involved 
identification of the native parasite antigens which 
they encoded. Antibody specific to the fusion- 
peptides was isolated either, in the case of EM- 
(3galFP4, by affinity purification, or by hyperim­
munisation of mice in the case of both EM- 
(3galFP2 and EM-(3galFP4. Various E. multilo­
cularis antigen extracts were subjected to SDS- 
PAGE, immunoblotted and tested with mouse

R e c i p r o c a l  s e r u m  d i l u t i o n

Fig. 5. ELISA using EM-(3galFP4 (A) and (3-gal (B) as an­
tigens (2 pg m F1) tested with various human infection sera. 
Pooled human anti-E. multilocularis (•); pooled human anti- 
E. granulosus (■); pooled human anti-E. solium (A); NFIS 

(A).
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TABLE I

Results of ELISA showing that EM-(3galFP4 binds significant levels of antibody with human anti-E. multilocularis serum only

Antigen

EM-(3galFP4 (3-gal

1/500 pooled human antiserum to 
E. multilocularis 1.51 (1.52, 1.50) 0.60 (0.56, 0.64)
E. granulosus 0.35 (0.34, 0.35) 0.50 (0.28, 0.72)
T. solium 0.43 (0.42, 0.44) 0.30 (0.24, 0.36)
Ascaris suum 0.61 (0.58, 0.64) 0.42 (0.36, 0.48)
Brugia malayi 0.26 (0.26, 0.26) 0.34 (0.36, 0.32)
Onchocerca volvulus 0.34 (0.37, 0.30) 0.56 (0.56, 0.56)
Schistosoma haematobium 0.27 (0.27, 0.27) 0.46 (0.44, 0.48)
Schistosoma mansoni 0.30 (0.32, 0.28) 0.50 (0.52, 0.48)

NHS 0.25 (0.24, 0.26) 0.32 (0.36, 0.28)

Figures represent OD490 in an ELISA and are the means of the 2 determinations given in brackets. 
Antigens were used at 2 p.g ml-1.

anti-EM-(3galFP2 serum (Fig. 6). A single major 
band of 70 kDa was observed with AgA and pro- 
toscolex antigen (lanes 3-5). No change in mo­
bility was observed under reducing or non-reduc­
ing conditions (lanes 3 and 4) indicating a lack of 
disulphide bound subunits within the protein. The 
lack of reaction with cyst fluid as antigen (lane 6) 
suggested that it was not an E/S product. A weak 
signal was detected, however, when in vitro-de- 
rived E/S antigen extract was tested (lane 7). This 
may have been the result of dead, dying or dis­
rupted protoscoleces which had released their so­
matic antigens into the medium during culture.

Fig. 7 shows an immunoblot of both affinity 
purified anti-EM-(3galFP4 antibody (lanes 4, 6, 8, 
10 and 12) and mouse anti-EM-(3galFP4 serum 
(lanes 3, 5, 7, 9 and 11) against various E. mul­
tilocularis antigen extracts following their frac­
tionation by SDS-PAGE. All lanes, except the 
controls and lane 10, showed three bands of 62, 
49 and 44 kDa. No change in mobility was ob­
served under reducing or non-reducing condi­
tions (lanes 3-6) indicating the absence of disul­
phide links between any subunits of the three 
proteins. The three bands were present in the cyst 
fluid lane tested with mouse antiserum (lane 9) 
suggesting that all three are E/S products. How­
ever, the cyst fluid lane tested with affinity puri­
fied antibody (lane 10) failed to display the 62 kDa 
band. The reason for this discrepancy could be 
low abundance of this particular antigen within

cyst fluid combined with low levels of affinity 
purified antibody specific for it. The presence of 
the three bands in the in vitro-produced E/S ex­
tract (lanes 11 and 12) suggests that these pro­
teins are secreted/excreted by protoscoleces of E. 
multilocularis. The strong signal produced by the 
62 kDa band in the E/S lanes lelaiive io ine other 
two protein bands indicates that of the three, this 
protein is the most abundant in vitro E/S prod­
uct. A band of approximately 97 kDa appeared 
in several mouse antiserum lanes (3, 5, 7 and 11). 
This band was not apparent in the control lanes 
or the mouse anti-cyst fluid lane (lane 9). Affinity 
purified antibody, isolated from preabsorbed 
antiserum did not bind antigen at this Mr. The 
presence of cross-reactive non-specific antibody 
within the mouse antiserum is, therefore, the most 
probable explanation for the appearance of this 
band.

In order to determine whether these antigens 
were E. multilocularis-specific, extracts of E. 
granulosus protoscoleces (sheep and horse strains) 
and T. solium cysticerci were tested with fusion- 
peptide-specific antibody (Fig. 8). Native pro­
teins corresponding to the Mr values, established 
previously for both clones, were present within E. 
granulosus (sheep strain, lanes 6-8; horse strain, 
lanes 10-12). The 70 kDa antigen corresponding 
to EM2 was also present in T. solium (lane 14), 
as was the 62 kDa antigen of EM4 (lane 16). In 
addition, protein bands of the expected Mr for the
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Fig. 6. SDS-PAGE and immunoblotting of various E. mul- 
tilocularis antigen extracts with mouse anti-EM-|3galFP2 serum. 
AgA was probed with: lane 1, normal mouse serum; lane 2, 
mouse anti-p-gal serum; lane 3, mouse anti-EM-(3galFP2 
serum. Mouse anti-EM-(3galFP2 serum was used to probe: lane 
4, non-reduced AgA; lane 5, purified protoscolex antigen; lane 
6, cyst fluid antigen; lane 7, in vitro excreted/secreted prod­
ucts. 50 pg of protein was used per strip apart from the E/S 
antigen for which 6 pg per strip was used. All antigens were 
reduced prior to electrophoresis unless otherwise specified.

k D a  1 2 3  4 5 6 7 8 9 10 11  12

Fig. 7. SDS-PAGE and immunoblotting of various E. mul- 
tilocularis antigen extracts with mouse anti-EM-(3galFP4 serum 
and affinity purified anti-EM-(3galFP4 antibody. AgA was 
probed with: lane 1, normal mouse serum; lane 2, mouse anti- 
(3-gal serum; lane 3, mouse anti-EM-(3galFP4 serum; lane 4, 
affinity purified rabbit anti-EM-(3galFP4 antibody. Mouse anti- 
EM-(3galFP4 serum was used to probe: lane 5, non-reduced 
AgA; lane 7, purified protoscolex antigen; lane 9, cyst fluid 
antigen; lane 11, in vitro excreted/secreted products. Affinity 
purified rabbit anti-EM-(3galFP4 antibody was used to probe: 
lane 6, non-reduced AgA; lane 8, purified protoscolex anti­
gen; lane 10, cyst fluid antigen; lane 12, in vitro ex­
creted/secreted products. 50 pg of protein was used per strip 
apart from the E/S antigen for which 6 pg per strip was used. 
All antigens were reduced prior to electrophoresis unless oth­

erwise specified.

EM4 antigens were apparent in the T. solium ex­
tract when tested with mouse antiserum (lane 15). 
These bands were also produced, however, by 
mouse anti-EM~PgalFP2 serum (lane 14). Cross- 
reactive antibody in the mouse antisera ap­
peared, therefore, to be binding at the same Mr 
as the EM4 antigens. The presence of the cloned 
antigens within these parasite extracts suggests 
that they are conserved between the various tae- 
niid species. However, the antigens were not de­
tected in E. granulosus sheep cyst fluid (lanes 
2-4), suggesting that they are not se- 
creted/excreted into the lumen of the unilocular

cyst, although they are present in protoscoleces. 

Discussion

Little work has been performed on the char­
acterisation of antigens from E. multilocularis [1], 
although a preliminary study [19] has identified 
those antigens characteristically immunogenic in 
human E. multilocularis infection. Only recently 
has the requirement for large quantities of well 
characterised antigen, for use as immunodiagnos- 
tic reagents for alveolar echinococcosis, been re­
cognised [3]. The most successful attempt, to date,



180

2  4  6  8  1 0 1 2  14 16  
kDa 1 3  5  7  9  11 13  15

200

9 7 * 4

68

4 3

2 5 * 7

1 8 * 4

14*3

Fig. 8. SDS-PAGE and immunoblotting of E. granulosus and 
T. solium antigen extracts with anti-fusion-peptide antibody. 
E. granulosus sheep strain cyst fluid was probed with: lane 1, 
mouse anti-p-gal serum; lane 2, mouse anti-EM-@galFP2 
serum; lane 3, mouse anti-EM-(3galFP4 serum; lane 4, affinity 
purified rabbit anti-EM-(3galFP4 antibody. E. granulosus sheep 
strain protoscolex antigen was probed with: lane 5, mouse anti- 
p-gal serum; lane 6, mouse anti-EM-PgalFP2 serum; lane 7, 
mouse anti-EM-(3galFP4 serum; lane 8, affinity purified rabbit 
anti-EM-(3galFP4 antibody. E. granulosus horse strain pro­
toscolex antigen was probed with: lane 9, mouse anti-(3-gal 
serum; lane 10, mouse anti-EM-|3galFP2 serum; lane 11, mouse 
anti-EM-PgalFP4 serum; lane 12, affinity purified rabbit anti- 
EM-(3galFP4 antibody. T. solium cysticercus antigen was 
probed with: lane 13, mouse anti-(3-gal serum; lane 14, mouse 
anti-EM-(3galFP2 serum; lane 15, mouse anti-EM-(3galFP4 
serum; lane 16, affinity purified rabbit anti-EM-(3galFP4 an­
tibody. Molecular weights of native antigens were arrowed: 
EM2 (<]); EM4 (◄). 50 p,g of protein was used per strip. Pro­

teins were reduced prior to electrophoresis.

to rectify this, has been the work of Gottstein et 
al. [3] with the resultant isolation of a 54 kDa E. 
multilocularis-specific antigen, designated Em 2a 
[20], This antigen was shown to be E. multilocu- 
laris-specific by immunoblotting (following sepa­
ration by isoelectric focusing), immunoprecipita- 
tion and ELISA where it bound antibody only 
with human E. multilocularis infection serum. 
Provision of Em 2a, however, relies heavily on a 
readily available source of parasite material. With 
a view to overcoming this problem, we have con­
structed, as far as we are aware, the first cDNA 
expression library from an Echinococcus orga­
nism, namely E. multilocularis. Subsequent, dif­
ferential antibody screening of this library has 
been performed using a technique based on that 
developed by Stahl et al. [21] for the study of 
Plasmodium falciparum antigens. This technique 
was shown, by these workers, to facilitate the iso­
lation of specific clones without prior purification 
of either antigens or antibodies by conventional 
means. The major adaptation of this technique, 
in the current study, was the use of plaque as op­
posed to colony immunoassay. This allowed 
screening of large numbers of recombinants with­
out the need for lysogenisation of clones.

The differential screening approach was 
adopted in favour of probing with antiserum 
raised to a specific antigen such as Em 2a for sev­
eral reasons. Primarily, if an antigen is cloned and 
subsequently expressed in a prokaryotic system 
as a fusion-peptide, this could alter the antigen­
icity to such an extent as to make it unsuitable as 
a diagnostic tool. These changes could be attrib­
uted to the inability of the system to recreate car­
bohydrate epitopes, incorrect folding and mask­
ing of certain epitopes by the fusion-peptide 
carrier protein or the cloning of cDNA sequences 
which are not of full length and, therefore, do not 
code for the complete antigenic peptide. An ap­
proach based on differential screening also allows 
several potentially specific clones to be isolated 
simultaneously. This is important as several an­
tigens may be required in an immunodiagnostic 
test to overcome the effects of differing host re­
sponse to individual parasite antigens. Further­
more, differential screening also allows very rapid 
identification of antigen clones recognised in hu­
man infections without the need for preliminary
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purification or characterisation of these antigens.
Following initial isolation, testing of the two 

cloned antigens (EM2, EM4) by the probing of 
immunoblots of the purified fusion-peptides, con­
firmed human E . m u ltilo cu la ris  infection sera- 
specific antibody binding (Fig. 4). Inclusion of the 
recombinant peptides in an ELISA assay proved 
feasible only with EM-(3galFP4. The ELISA data 
produced with this antigen on testing with var­
ious human infection sera, using (3-gal as control, 
confirmed the immunodiagnostic potential of this 
clone (Fig. 5 and Table I).

The M x of the native parasite proteins corre­
sponding to these cloned antigens was also estab­
lished. The discrepancy in M x between the re­
combinant antigens and their corresponding native 
proteins may have been due to the cloning of in­
complete gene sequences and/or the existence of 
carbohydrate residues on the native proteins. 
Their ability to produce an antibody response 
within the human host, despite the usual absence 
of protoscoleces within the human alveolar cyst 
[22], suggests that these proteins are either pres­
ent in or on the germinal layer, or, in the case of 
EM4, excreted/secreted from this layer. A 70 kDa 
antigen was identified by Lingelbach and Hinz [19] 
as being characteristic of hydatid infection. This 
antigen was recognised by both human E . m u ltil-  

o cu la ris  and E . g ra n u lo su s  infection sera. There 
is, therefore, little likelihood of this being the 
same antigen as that encoded by EM2. EM4 codes 
for an antigen that has epitopes shared by 62, 49 
and 44 kDa native parasite antigens. It has yet to 
be established whether one protein is coded for 
by this clone which undergoes post-translational 
modification to produce three distinct antigens, 
or whether the one protein shares epitopes with 
other dissimilar antigens. All three proteins ap­
pear to be E/S products, which concurs with the 
finding of high antibody levels specific to these 
proteins in human sera as excreted/secreted an-
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