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Sum m ary :

The effects on disaccharidase activities of challenging gerbils pre

viously exposed to Giard ia lamblia with fradions of the crude tro

phozoite extract were examined. Gel filtration of the soluble 

extract on a Sephacryl S- 200 HR column resulted in 3 fradions :

F1, F2 and F3. Only a challenge with fraction F1 (0.1 mg total 

dose) was found to induce disaccharidase deficiencies. Boiling F1 

prior to challenge did not change this effect on the enzyme activi

ties. However, the decreases were nol obtained when the total F1 

dose was reduced to 0.05 mg. Column chromatography of frac

tion F1 under dissociating and reducing conditions resulted in 2 

further fractions : F1a and F1b. Challenging immune gerbils with 

F1b led to impairments of disaccharidase activity similar to those 

obtained with F1. Protein analysis of the crude extract, as well as 

the fractions of the extract, revealed several high and low molecu

lar weight bands. These findings indicate that a constituent(s) of 

fraction F1b is the portion of the parasite which induces disaccha

ridase deficiencies in immune gerbils. This fraction consists of pro

teins ranging in molecular weight from 32 to 200  kDa. In addilion 

the G. lamblia fraction involved in Ihe decreases in enzyme acti

vity is heat- stable.
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INTRODUCTION

G iardia lam blia is  a c o m m o n  c a u s e  o f  d ia r 

rh e a in  d ay -c are  c e n tre s , in stitu tio n aliz e d  p e r-  

so n s , h o m o se x u a ls  an d  trav e lle rs (K e y s to n e  et 

al., 1978; Bro d sk y  et al., 1974 ; Sc h m e rin  et al., 1978 ) . 

T h is  f la g e lla te d , b in u c le a te  p a ra s ite  a d h e re s  to  th e  

b ru sh  b o rd e r o f  th e  h o st’ s e n te ro c y te s  b y  m e a n s  o f  a 

v e n tra l su c k in g  d isk . M an y  g iard ial in fe c tio n s  are  w e ll 

to l e r a te d  a n d  a s y m p to m a tic  in  h u m a n  p a tie n ts .  

H o w e v e r, w h e n  il ln e ss  is e v id e n t, th e  s p e c tru m  o f  

sy m p to m s is w id e  an d  ran g e s  f ro m  a c u te , se lf - lim itin g  

g a stro e n te ritis  to  p ro tra c te d  an d  d e b ilita tin g  m a la b 

so rp tio n  (Sh a n d e ra , 1990 ) .
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R é s u m é  : P u r if ic a t io n  d 'u n e  f r a c t io n  d e  t r o p h o z o it e s  d e  G ia r d ia

LAMBLIA LIÉE À UNE DIMINUTION DE L1 ACTIVITÉ DES DISACCHARIDASES CHEZ

l e  M é r io n  ( M e r io n e s  u n g u ic u l a t u s )  im m u n is é  

Les effets de l' inoculation de fractions de trophozoïtes de Giardia 

lamblia sur les activités disaccharidasiques chez les gerboises mon

goliennes précédemment infectées avec G. lamblia ont été étudiés. 

La filtration sur gel Sephacryl S- 200 HR a produit 3 fractions : F1,

F2 et F3. La fraction F1 est la seule qui ait réduit l'activité des disac-  

charidases lors d'une dose de rappel (de 0, 1 mg). la fraction F 1, 

amenée à son point d ‘ébullition, conserve son effet négatif sur l'acti

vité des enzymes. Toutefois, l'activité enzymatique n’est plus affec

tée par F 1 lorsque celle- ci est réduite jusqu'à 0 ,05  mg. La 

chromatographie sur colonne de la fraction F1 dans des conditions 

de dissociation et de réduction a mené à 2 autres fractions : F 1a et 

F 1b. Utilisée en dose de rappel chez les gerboises précédemment 

infectées, la fraction F 1b a produit des effets similaires à ceux de F 1 

sur l'activité des enzymes. L'onalyse protéique de l'extrait complet 

des trophozoites et des fractions obtenues par chromatographie 

révèle plusieurs bandes de poids moléculaires variés. Ces résultats 

indiquent que la fraction de Giard ia responsable de la déficience 

de l'activité des disacchanidases est localisée dans la fraction F1b. 

Le poids moléculaire des protéines de cette fraction varie de 32 à 

2 0 0  kDa. De plus, la fraction de G. lamblia qui est liée à la diminu

tion des activités disaccharidasiques est stable à la chaleur.

In  g iard iasis, it h as b e e n  e s tab lish e d  th at th e re  c a n  b e  

c o n s id e ra b le  m alfu n c tio n in g  o f  th e  e p ith e liu m  o f  th e  

s m a ll in te s tin e . F o r  e x a m p le , f a t a n d  v ita m in  B 1 2  

m a lab so rp tio n  h as b e e n  d e sc rib e d  in  h u m an  g iard ia 

sis (H o sk in s  et al., 1 9 6 7 ; W rig h t el al., 1 9 7 7 ) . V itam in  

A  d e f ic ie n c y  h as b e e n  fo u n d  in  ç h ild re n  in fe c te d  w ith

G. lamblia (M ah alan ab is  et al., 1 9 7 9 ) . A lso , te m p o rary  

d isa c c h a rid a se  d e f ic ie n c ie s  h av e  b e e n  w e ll d o c u m e n 

te d  in  th is  d is e a s e .  B u r e t a n d  c o - w o r k e r s  ( 1 9 9 0 )  

re p o rte d  d e c re a se s  in  m altase  an d  su c ra se  ac tiv itie s in 

m ic e , f o llo w in g  a p rim ary  in fe c d o n  w ith  G. muris. It 

w as  su g g e ste d  th at th e s e  d isa c c h a rid a se  d e f ic ie n c ie s  

w e re  d u e  to  a d if f u se  s h o rte n in g  o f  b ru s h  b o rd e r  

m ic ro v illi. Stu d ie s  o n  G. lam blia in f e c tio n s  in  m ic e  

f o u n d  d e c r e a s e s  in  s e v e ra l b ru s h  b o rd e r  e n z y m e s  

th ro u g h o u t th e  c o u rse  o f  in fe c tio n  (N ain  et al., 1991 ) . 

T h e  d e g re e  o f  d e c lin e  in th e se  e n z y m e  ac tiv itie s c o r 

re la te d  w e ll w ith  th e  n u m b e r o f  tro p h o z o ite s  in  th e  

je ju n u m , w ith  th e  m o st se v e re  re d u c tio n s  in  e n z y m e  

ac tiv ity  o c c u rrin g  d u rin g  th e  p e a k  p h a se  o f  in fe c tio n .
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U sin g  th e  g e rb il  an im a l m o d e l, B e lo s e v ic  a n d  c o l 

le a g u e s  ( 1 9 8 9 )  o b se rv e d  d e c re a se s  in  d isac c h arid ase  

ac tiv ity  d u rin g  b o th  p rim ary  an d  c h a lle n g e  in fe c d o n s  

w ith  G. lam blia.  T h e  in v o lv e m e n t o f  th e  h o s t ’ s 

im m u n e  re sp o n se  in  th e  d e f ic ie n c ie s  w as su g g e ste d  

b y  th e  ab ility  o f  a  c ru d e  e x tra c t o f  th e  tro p h o z o ite s  to  

in d u c e  th e s e  im p a ir m e n ts  o f  e n z y m e  a c tiv i ty  in  

im m u n e  g e rb ils  ( B e lo s e v ic  et al., 1 9 8 9 ) . R e c e n t w o rk  

in  o u r la b o ra to ry  h as c o n f irm e d  th e s e  p re v io u s  f in 

d in g s ( m a n u sc rip t in  p re p a ra d o n ) . W e  a lso  sh o w e d  

th at th e  e f f e c t o f  th e  e x tra c t o n  d isac c h a rid a se  ac tiv ity  

is d o se -d e p e n d e n t.

H o w e v e r, th e  c o m p o n e n t( s )  o f  th e  G. lamblia c ru d e  

e x tra c t in v o lv e d  in  th e  d isa c c h a rid a se  d e f ic ie n c ie s , as 

w e ll as  th e  m e c h a n ism ( s )  le ad in g  to  su c h  re d u c tio n s  

in  e n z y m e  ac tiv ity , are  u n k n o w n . G. lamblia is c o n s i 

d e re d  to  b e  a n tig e n ic a lly  c o m p le x , y e t little  is k n o w n  

ab o u t th e  stru c tu re s an d  p ro p e rd e s  o f  th e se  an tig e n s 

(C h au d h u ri et al., 19 88 ) .

C e v allo s  an d  Farth in g  ( 1 9 9 2 )  re p o rte d  a stra in -d e p e n -  

d e n t re d u c d o n  in  d isa c c h a rid a se  ac d v itie s  in  G. lam-  

blia- in fe c te d  rats. T h e  an tig e n ic  d if f e re n c e s  b e tw e e n  

th e se  strain s rn ay  h av e  le d  to  th e  v ariab le  e f f e c ts  o n  

th e  e n z y m e  ac tiv itie s. T h e  p re se n t stu d y  w as  u n d e rta 

k e n  in  o rd e r to  p u rify  th e  G. lamblia c ru d e  an tig e n  

e x tra c t an d  id e n tify  th e  sp e c if ic  f rac tio n  re sp o n s ib le  

f o r  in d u c in g  th e  d isa c c h a rid a se  d e f ic ie n c ie s  o b se rv e d  

in  im m u n e  g e rb ils . In  ad d itio n , w e  u n d e rto o k  an  in i 

tial c h a rac te riz a tio n  o f  th is f rac tio n . T h is  w o rk  sh o w s 

th at a sp e c if ic  f ra c tio n  o f  th e  G. lamblia c ru d e  e x trac t 

c a n  b e  lin k e d  to  th e  d is a c c h a rid a s e  d e f ic ie n c ie s  in  

im m u n e  g e r b i ls .  T h is  f r a c t io n  is  h e a t- s ta b le  a n d  

a f fe c ts  th e  e n z y m e  ac tiv itie s  w ith  a th re sh o ld  lim it.

MATERIALS AND METHODS

Pa r a s it e s

G lamblia tro p h o z o ite s , W B strain  (A m eric an  

T y p e  C u ltu re  C o lle c tio n  n °  3 0 9 5 7 ) , o rig in ally  

iso late d  fro m  a sy m p to m atic  p atie n t (Sm ith  et 

al., 1 9 82 ) , w e re  u se d  th ro u g h o u t th is stu d y . T ro p h o 

z o ite s w e re  c u ltu red  ax e n ic a lly  in  f ilter-steriliz ed  T Y I-S-  

33  ( try p tic ase , y e ast e x trac t, iro n , an d  seru m ) m ed iu m  

a d a p te d  f o r  G. lamblia ( G illin  an d  D iam o n d , 1 9 7 9 ) , 

w ith  10%  ad u lt b o v in e  se ru m  (Sig m a C h e m ic al C o ., St. 

Lo u is, U .S.A .) , an d  su p p le m e n te d  w ith  100 units/ m l o f  

p e n ic illin  (Sig m a)  an d  100  g / m l o f  d ih y d ro stre p to m y 

c in  su lp h a te  salt (Sig m a ) , in  th e  a b s e n c e  o f  b o v in e  

b ile . T h e  tro p h o z o ite s  w e re  p assag e d  tw ic e  w ee k ly .

A n im a l s

Six  to  10 w e e k  o ld  m a le  M o n g o lian  g e rb ils  ( M eriones 

ungukulatus) , o rig in a tin g  f ro m  T u m b le b ro o k  Farm s

( W e st B ro o k f ie ld , U .S.A .) , w e re  u se d  in  th is  stu d y . 

T h e y  w e r e  m a in ta in e d  u n d e r  s ta n d a rd  la b o r a to r y  

c o n d itio n s  a n d  p ro v id e d  w ith  la b o ra to ry  c h o w  an d  

w a te r ad libitum. O n e  w e e k  a f te r arriv al, g e rb ils  w e re  

e a c h  tre a te d  w ith  15 m g  o f  m e tro n id a z o le  ( R h ô n e -  

P o u le n c , M o n tre al, C an ad a) , b y  o ra l g av ag e , f o r th re e  

c o n s e c u tiv e  d a y s  a n d  th e n  a llo w e d  to  re s t f o r  10 

d ay s. T h is  tre atm e n t w as  d o n e  to  e n su re  th at th e  g e r 

b ils  w e re  f re e  o f  in te stin al in fe c tio n s . A ll in o c u la tio n s  

w e re  d o n e  o rally , to  u n a n a e sth e tiz e d  g e rb ils . In  th e  

p rim ary  in fe c tio n , e a c h  g e rb il w as in o c u la te d  w ith  1 x  

106 liv e  G. lamblia tro p h o z o ite s .

P r e p a r a t i o n  o f  t h e  c r u d e  e x t r a c t  o f  G . l a m 

b l ia  TR O PH O Z O ITES

T ro p h o z o ite s  ( f ro m  a 7 2 - h  c u ltu re )  w e re  d is lo d g e d  

fro m  th e  w alls  o f  c u ltu re  v e sse ls  b y  im m e rs io n  in  an  

ic e  b a th  f o r  1 5 - 3 0  m in . T h e y  w e re  s e d im e n te d  b y  

c e n trifu g a d o n  at 8 0 0 g  f o r 10 m in , at 4  °C , an d  w a sh e d  

5 tim e s in  ste rile  p h o sp h a te - b u f fe re d  sa lin e  ( P B S)  (p H  

7 .2 ) .  T ro p h o z o ite s , s u s p e n d e d  in  s te rile  P B S, w e re  

th e n  ly se d  b y  d isc o n tin u o u s  so n ic a d o n  in  an  ic e  b ath , 

u s in g  a S o n i c  D i s m e m b r a to r  ( F i s h e r  S c i e n t i f i c ,  

M o n tre al, C a n a d a )  at m a x im u m  o u tp u t, f o r  10 m in . 

T h e  so n ic a te d  m ate rial w as c le a re d  o f  in so lu b le  m at

te r  b y  c e n trifu g in g  at 2 3 ,3 0 0 g  f o r  20  m in , at 4  °C , an d  

th e  s u p e m atan t c o l le a e d  as th e  c ru d e  so lu b le  e x trac t.

C o l u m n  c h r o m a t o g r a p h y

Sam p le s w e re  f rac tio n ate d  b y  g e l f iltrad o n  c h ro m ato 

g rap h y . Fo r th is p u rp o se , ap p ro x im ate ly  8 0  m l o f  p re 

s w o l le n  Se p h a c r y l  S - 2 0 0  H R  g e l  ( P h a r m a c ia  LK B 

Bio te c h n o lo g y , U p p sala, Sw e d e n ) , w e t b e ad  d iam e te r 

2 5 - 7 5  μ m , w e r e  p a c k e d  in to  a 1 .8  x  5 0  c m  g la s s  

c o lu m n  ( B io - R a d , M is s is s a u g a , C a n a d a ) . T h e  v o id  

v o lu m e  o f  th e  c o lu m n  w as  d e te rm in e d  b y  ap p ly in g  

B lu e  D e x tra n  2 0 0 0  a n d  th e  c o lu m n  c a l ib ra te d  w ith  

k n o w n  m o le c u lar w e ig h t (M W ) m ark e r o f  g e l f iltratio n  

p ro te in s (P h arm ac ia ) . Fo r e a c h  ru n , at 4 °C , 1-2 m l o f  

sam p le  (w ith  10%  g ly c e ro l)  w as ap p lie d  to  th e  g e l b e d  

an d  a f lo w  rate  o f  5 m l/ h m ain tain e d  u sin g  a p e ristald c  

p u m p  (P h arm ac ia ) . Frac tio n s o f  2 m l e a c h  w e re  c o l le c 

te d  an d  an  e lu c tio n  p ro f ile  o b ta in e d  b y  m e asu rin g  th e  

o p tic a l d e n sity  ( O .D .)  at 2 8 0  n m  an d  p lo ttin g  th e se  

v alu e s ag ain st th e  f rac tio n  n u m b e rs. A c c o rd in g  to  th e  

O .D . v alu es, e a c h  p e ak  an d  trailin g  e lu ate s  w e re  p o o 

le d  se p arate ly . T h e se  p o o le d  frac tio n s w e re  th e n  d ialy - 

z e d , u sin g  Sp e c tra / P o r 6 M e m b ra n e  (M W  C u t-O f f  : 

1 0 00 )  (Sp e c tru m  M ed ic al In d u stries In c ., Lo s A n g e le s, 

U .S .A .) , a g a in s t d is ti l le d  w a te r  f o r  2 4  h , at 4  °C . 

F o l lo w in g  d ia ly s is , f ra c tio n s  w e re  ly o p h il iz e d  an d  

re su sp e n d e d  in  PBS at a c o n c e n tra tio n  o f  ˜ 0 .3  m g / m l. 

T h e  frac tio n s w e re  sto re d  at -70  °C  u ntil u sed .
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S o d iu m  d o d e c y l  s u l f a te - p o l y a c r y l a m i d e  g e l  

ELECTRO PH O RESIS ( S D S - P A G E )

Sam p le s  w e re  e le c tro p h o re se d  in  a M in i-PR O TEA N  II 

v e rtic a l s la b  c e ll ( B io - R a d )  u sin g  th e  d is c o n tin u o u s  

s y s te m  o f  L a e m m li ( 1 9 7 0 ) .  P r o te in  s a m p le s  w e re  

se p a ra te d  th ro u g h  a 4 %  sta c k in g  g e l an d  10%  se p a ra 

tin g  g e l. B io -R a d  m o le c u la r  w e ig h t s tan d ard s  w e re  

ru n  sim u ltan e o u sly . T h e  g e l w as sta in e d  w ith  0 .2 5 %  

C o o m a ss ie  Brillian t B lu e  R -25 0  d y e  (Bio -R ad ) .

M e a su r em e n t  o f  in t e s t in a l  d isa c c h a r id a se s  

Pre p aratio n  o f  in te stin al h o m o g e n a te

H o rn o g e n ate s  w e re  p re p are d  as p re v io u sly  d e sc rib e d  

b y  B e lo s e v ic  an d  c o l le a g u e s  ( 1 9 8 9 ) , w ith  m o d if ic a 

tio n s . Brie f ly , th e  g e rb ils  w e re  k ille d  an d  th e  sm all 

in testin e  re m o v e d  an d  d iv id ed  in to  th re e  se c tio n s. T h e  

se g m e n ts  w e re  p lac e d  in  ic e  c o ld  d istilled  w ate r an d  

e a c h  w as f lu sh ed  w ith  50 m l o f  d istilled  w ate r to  c le ar 

it o f  in testin al d eb ris. T h e  se g m e n ts  w e re  th e n  slit lo n 

g itu d in ally  an d  th e  m u c o sa  sc ra p e d  o f f  w ith  a g lass 

m ic ro sc o p e  slid e . T h e  m u c o sa  fro m  all th re e  se c d o n s  

w e re  c o m b in e d , w e ig h e d  (w e t w e ig h t) , an d  p lac e d  in 

f o u r v o lu m e s  o f  ic e  c o ld  d istilled  w ater. T h e  m u c o sal 

sc rap in g s w e re  th e n  h o m o g e n iz e d  u sin g  a C o n  T o rq u e  

p o w e r u n it at m ax im u m  sp e e d  (Eb e rb a c h  C o rp ., A nn  

A rb o r, U .S.A .) . H o rn o g e n a te s  w e re  s to re d , w ith o u t 

p rio r c e n trifu g atio n , at - 7 0  °C  u nd l u se d  in  th e  assay .

A ssay  f o r in te stin al d isac c h arid ase s

D isa c c h a rid ase  ac tiv ity  o f  h o m o g e n a te d  m u c o sa  w as 

m e asu re d  u sin g  th e  g lu c o se  o x id ase  p e ro x id ase  assay  

o f  D ah lq v ist ( 1 9 6 8 ) , as m o d if ie d  b y  B e lo s e v ic  et al. 

( 1 9 8 9 ) , w h ic h  is b a se d  o n  a c o lo u r re ac tio n  w ith  th e  

g lu c o s e  lib e ra te d  b y  a sp e c i f ic  d isa c c h a rid a se  in  6 0  

m in . T h e  assay  c o n s iste d  o f  ad d in g  to  e a c h  w e ll o f  a 

96 -w e ll N u n c  m ic ro w e ll p late  ( G ib c o  BRL, Bu rlin g to n , 

C a n a d a )  0 .0 1  m l o f  a p p r o p r ia te ly  d ilu te d  m u c o s a l 

s a m p le  ( h o m o g e n a te )  an d  0 .0 1  m l s u b s tra te - b u f f e r  

so lu tio n  o f  a d isac c h arid ase  to  b e  m e asu re d , in  q u a 

d ru p lic ate . T h e  p la te  w as  th e n  in c u b a te d  at 37° C  in 

h u m id if ie d  a tm o sp h e re  f o r 6 0  m in . A fte r in c u b a tio n , 

0 ,3  m l tris -g lu c o se  o x id ase  re ag e n t w as ad d e d  to  e a c h  

w e ll an d  th e  p late  in c u b ate d  f o r an  ad d itio n al 6 0  m in. 

T h e  p late  w as th e n  read  at 4 15  nm  u sin g  a B io -T e k  

m ic ro p late  re ad e r (M an d e l Sc ie n tif ic , G u e lp h , C an ad a) . 

Fo r e a c h  assay , e ig h t w e lls  o f  re ag e n t b lan k  an d  a g lu 

c o se  stan d ard  se rie s  (2 , 6, an d  10 μ g  g lu c o se )  in  q u a 

d ru p lic ate  w e re  a lso  d o n e . D isa c c h a rid a se  ac tiv ity  is 

e x p re sse d  as u nits/ m g  p ro te in  in  th e  m u c o sal sam p le  

(U / m g ), w h e re  u n its re p re se n t μ m o le s  o f  d isac c h arid e  

hy d ro ly z ed / m in .

R e ag e n ts

A ll c h e m ic a ls  w e r e  o b ta in e d  c o m m e rc ia l ly . d -(+ )-

P a ra s ite , 1 9 9 5 , 2 , 3 1 - 3 9

G lu c o s e  ( G - 8 2 7 0 ) ,  15- lac to se  ( L - 3 7 5 0 ) , m a lto s e  (M - 

5 8 8 5 , D - (+ ) - tre h alo se  ( T - 5 2 5 1 ) , m a le ic  ac id  (M -0 3 7 5 ) , 

g lu c o s e  o x id a s e  ( G - 1 2 6 2 ) ,  o - d ia n is id in e  ( D - 9 1 4 3 ) ,  

p e ro x id a se  ( P - 8 0 0 0 ) , an d  trito n  X - 1 0 0  ( T - 6 8 7 8 )  w e re  

p u rc h a se d  fro m  Sig m a. Su c ro se  ( S5 -3 )  w as o b ta in e d  

f ro m  Fish e r Sc ie n tif ic  an d  tris (u ltra  p u re  - 8 1 9 6 2 3 )  

w as p u rc h a se d  fro m  IC N  Bio m e d ic a ls  C an ad a Ltd . (St. 

L au ren t, C an ad a) .

M e a su r e m e n t  o f  pr o t e in  c o n c e n t r a t io n

P ro te in  c o n c e n tra tio n s  w e re  d e te rm in e d  as d e sc rib e d  

b y  L o w ry  et al. ( 1 9 5 1 ) , u sin g  0 .2  m l o f  sam p le  an d  a 

f in a l r e a c tio n  v o lu m e  o f  1 .3  m l. F o r  e a c h  p ro te in  

a ssa y , a s tan d ard  c u n e  w a s  p re p a re d  u s in g  f re sh ly  

d isso lv e d  b o v in e  se ru m  alb u m in  (BSA ) .

St a t is t ic a l  a n a l y s is

S ta tis ti c a l  s ig n i f i c a n c e  w a s  d e te r m in e d  u s in g  th e  

M a n n -W h itn e y  U/ -test. Sig n if ic a n c e  w a s  a s s ig n e d  at 

th e  p ro b ab ility  le v e l o f  P <  0 .0 5 .

RESULTS

P u r i f i c a t i o n  o f  t h e  c r u d e  e x t r a c t  o f  G . l a m -

BLIA TRO PH O Z O ITES

T
h e  c ru d e  so lu b le  e x tra c t o f  G. lamblia tro p h o 

z o ite s  w as su b je c te d  to  c o lu m n  c h ro m a to g ra 

p h y  u sin g  Se p h ac ry l S-2 0 0  H R g e l f iltratio n  in  

o rd e r to  f ra c tio n a te  its c o m p o n e n ts . T h re e  lig h t-ab so r-  

b in g  ( 2 8 0  n m )  p e a k s  w e re  o b se rv e d , o n e  o f  w h ic h  

a p p e a re d  in  th e  v o id  v o lu m e , o n e  in  th e  m id d le  as a 

sh o u ld e r o f  th e  first p e ak , an d  an o th e r at th e  e n d  o f  

to ta l c o lu m n  v o lu m e  (Fig . 1) . Elu te d  m ate rials  w e re  

c o l le c te d  to  g iv e  f ra c tio n s  F 1 (>  15 x  104 M W ), F2 

( ˜ 6 .7  x  104 M W ), an d  F3 (<  1.4 x  104 M W ), as in d ic a 

te d  in  Fig . 1. T h e s e  w e re  p o o le d  fro m  frac tio n s 16 -22 , 

2 3 - 2 9  an d  3 4 -4 3 , re sp e c tiv e ly .

C h a l l e n g e  w i t h  t h e  f r a c t i o n s  o f  G. l a m b l ia

SO LUBLE EXTRA CT

T o  d e te rm in e  w h e th e r an y  o n e  o f  th e  frac tio n s o f  th e  

so lu b le  e x tra c t ( d e sc r ib e d  a b o v e )  c o u ld  a f fe c t d isac 

c h arid ase  ac tiv ity  in  g e rb ils  p re v io u sly  e x p o s e d  to  G. 

lamblia, e a c h  an im al w as  c h a lle n g e d  w ith  0 .1  m g  o f  

F 1 , F2, o r  F3. T h e  g e rb ils  w e re  c h a lle n g e d  o n  d ay  50 

p o s t- in fe c tio n  ( p .i .) ,  w h ic h  is w e ll p ast th e  e lim in a 

tio n  o f  th e  p arasite  (a ro u n d  d ay  3 0  p .i.) , as d e te rm i 

n e d  b y  tro p h o z o ite  c o u n ts  fro m  in te stin al w ash in g s 

an d  f e c a l c y st re le a se . T h e  an im als w e re  n o t treate d  

fo r th e  p rim ary  in fe c tio n  p rio r to  c h a lle n g in g , s in c e  

th e  a g e -m a tc h e d  c o n tro l g e rb ils  h ad  a lso  re c e iv e d  th e
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Fig . 1. -  C h ro m a to g ra p h  o f  th e  s o lu b le  e x tra c t o f  s o n i 

c a te d  G. lamblia tro p h o z o ite s .

A p p ro x im a te ly  1 .8  m g  o f  th e  s o lu b le  e x tra c t w e r e  ru n  

th ro u g h  a  Se p h a c ry l  S - 2 0 0  H R  c o lu m n  a t a  f lo w  ra te  o f  

5  m l/ h , u s in g  a  b u f f e r  o f  0 .1 5  M  P B S, 0 .0 2 %  s o d iu m  

a z id e  (p H  7 .2 ) .  Fr a c tio n s  w e r e  c o l le c te d  a n d  p o o le d  to  

g iv e  F 1 , F2  a n d  F3 , a s  in d ic a te d . T h e  c o lu m n  w a s  c a l i 

b ra te d  w ith  B lu e  D e x tr a n  2 0 0 0  ( B D ;  >  2 0 0  x  1 0 4 M W ), 

A ld o la se  (A ld ; 1 5 .8  x  1 0 4 M W ), B o v in e  Se ru m  A lb u m in  

(B SA ; 6 .7  x  1 0 4 M W ), a n d  R ib o n u c le a s e  A  (R n A ; 1 .4  x  

1 0 4 M W ).

Fig . 2 . -  D is a c c h a r id a s e  a c tiv itie s  in  g e rb ils  c h a l le n g e d  

w ith  d i f f e r e n t f r a c tio n s  o f  th e  s o lu b le  e x tr a c t  o f  G. 

lamblia tr o p h o z o ite s . E a c h  g e rb il  w a s  c h a l le n g e d  w ith  

0 .1  m g  o f  F 1 ( ) ,  F2  ( )  o r  F3  ( )  5 0  d ay s  a f te r  a  p r i 

m a ry  in f e c tio n  w ith  1 x  1 0 6 liv e  tr o p h o z o ite s . C o n tro l 

g e rb i ls  ( ■ )  w e r e  a g e - m a tc h e d  a n d  r e c e iv e d  th e  p rim ary  

in f e c tio n , b u t w e r e  n o t c h a l le n g e d . R e su lts  a re  e x p r e s 

s e d  a s  m e a n  ±  s .e . ,  n  =  4  f o r  u n c h a l le n g e d  c o n tro ls  

a n d  n  =  5 f o r  f r a c tio n - c h a l le n g e d  g ro u p s .

* D if f e r e n c e s  b e tw e e n  c o n tro l  a n d  c h a l le n g e d  g ro u p s  

w e r e  s ig n if ic a n t, P <  0 .0 5 .

34 Mémoire
P a ra s ite , 1 9 9 5 , 2, 3 1 - 3 9



G ia r d ia  f r a c t i o n s  a n d  d i s a c c h a r i d a s e  d e f i c i e n c i e s

Fig . 3 . -  D is a c c h a r id a s e  a c tiv itie s  in  g e rb ils  c h a lle n g e d  

w ith  v a ry in g  a m o u n ts  o f  f ra c tio n  F 1 . G e r b ils  w e re  c h a l 

le n g e d  5 0  d a y s  f o l lo w in g  a  p rim a ry  in f e c tio n  w ith  1 x  

1 0 6  liv e  tr o p h o z o ite s . C o n tro l g e rb ils  w e re  a g e - m a tc h e d  

a n d  re c e iv e d  a  p rim ary  in f e c tio n , b u t w e re  n o t c h a l le n 

g e d .  R e s u l ts  a r e  f o r  d a y  4  p o s t - c h a l l e n g e  a n d  a r e  

e x p r e s s e d  a s  m e a n  ±  s . e . ,  n  =  4  f o r  u n c h a l l e n g e d  

c o n tro ls  ( ■ )  a n d  n =  5 f o r  F 1- c h a lle n g e d  g ro u p s  (IEI).

* D if f e r e n c e s  b e tw e e n  c o n tr o l  a n d  c h a l le n g e d  g ro u p s  

w e re  s ig n if ic a n t, P <  0 .0 5 .

p rim ary  in o c u latio n . T h e  ac tiv itie s o f  th e  e n z y m e s  la c 

tase , m altase , su c rase , an d  tre h a lase  w e re  th e n  m e asu 

re d  o n  d ay s 2 an d  4 p o s t- c h a lle n g e  ( p .c .) ,  as  th e se  

w e re  th e  d ay s o n  w h ic h  d isa c c h a rid ase  ac tiv ity  w as 

a f fe c te d  d u rin g  c h a lle n g e  in o c u latio n s w ith  th e  w h o le  

c ru d e  e x tra c t (m an u sc rip t in p re p aratio n ) . A s sh o w n  

in Fig . 2, th e  ac tiv ity  o f  su c rase  w as n o t a f fe c te d  b y  

an y  o f  th e  th re e  f rac tio n s o f  th e  e x trac t, as le v e ls  o n  

b o th  d a y s  2 a n d  4 p .c .  r e m a in e d  c o m p a r a b le  to  

c o n tro ls . A lth o u g h  th e  m e an  ac tiv ity  o n  d ay  2 p .c . in 

F l- c h a lle n g e d  an im als ( 0 . 0 7 8  ±  0 . 0 1 8  U / m g ) se e m e d  

to  b e  lo w e r th an  in  th e  c o n tro l ( 0 .1 2  ±  0 .0 0 6 3  U / m g ), 

th is  d i f f e r e n c e  w a s  n o t s ig n i f i c a n t a s  d e te r m in e d  

th ro u g h  statistic al an aly sis . H o w e v e r, th e  ac tiv itie s o f  

la c ta s e , m a lta se , an d  tre h a la s e  w e re  re d u c e d  b y  as 

m u c h  as 4 7 %  o n  d ay  4  p .c . in  F l- c h a lle n g e d  g erb ils. 

In  ad d itio n , an  F 1 c h a lle n g e  a lso  le d  to  a d e c re a se  in  

m altase  ac tiv ity  o n  d ay  2 p .c . O n  th e  o th e r h an d , c h a l 

le n g in g  im m u n e  g e rb ils  w ith  e ith e r f rac tio n  F2 o r  F3 

h ad  n o  e f f e c t o n  an y  o f  th e  d isac c h arid ase  ac tiv ities.

In  o rd e r to  d e te rm in e  w h e th e r th e re  w as a th re sh o ld  

e f f e c t o f  f ra c tio n  F 1 o n  e n z y m e  a c tiv itie s , im m u n e  

g e rb ils  w e re  c h a lle n g e d  w ith  0 .0 7 5  m g  o r  0 .0 5  m g  

to tal o f  F 1 . D isa c c h a rid a se  ac tiv ity  w as th e n  m e asu re d  

o n  d ay  4 p .c ., s in c e  th is  w as  th e  tim e  w h e n  th e  m o st 

e x te n s iv e  e f f e c ts  o n  th e  e n z y m e s  w e re  o b se rv e d  w ith  

th e  0 .1  m g  F 1 c h a lle n g e . Su c ra se  ac tiv ity  re m a in e d  

u n a f f e c te d  b y  th is  f ra c tio n  o f  th e  s o lu b le  e x tra c t,  

re g a rd le ss  o f  th e  d o s a g e  (Fig . 3 ) . H o w e v e r, la c ta se

an d  m altase  ac tiv itie s  w e re  sig n if ic an tly  re d u c e d  w ith  

an  F1 d o se  o f  0 .0 7 5  m g , c o m p a re d  to  u n c h a lle n g e d  

c o n tro ls . T h e s e  d e c re a s e s  in  d isa c c h a rid a se  ac tiv ity  

w e re  s im ilar to  th e  re d u c e d  le v e ls  o b s e rv e d  in  th e  

g e rb ils  c h a lle n g e d  w ith  0 .1  m g  o f  F 1 . T h e re  w e re  n o  

re d u c tio n s  in  th e  ac tiv itie s  o f  an y  o f  th e  fo u r e n z y m e s 

w h e n  a d o se  o f  0 .0 5  m g  w as  g iv e n  to  th e  an im als.

In  o rd e r to  d e te rm in e  w h e th e r th e  p o rtio n  o f  F1 re s 

p o n s ib le  fo r in d u c in g  th e  d isac c h arid ase  d e f ic ie n c ie s  is 

h e at-stab le , it w as b o ile d  at 100 °C  fo r 5 m in  an d  u sed  

to  c h a lle n g e  in fe c te d  g erb ils. D e c re a se s  in  lac tase , m al

tase , an d  tre h a lase  ac tiv itie s w e re  d e te c te d  o n  d ay  4  

p .c ., w h ile  su c rase  ac tiv ity  d id  n o t sig n if ic an tly  d if fer 

fro m  c o n tro l le v e ls (d ata n o t sh o w n ) . T h e se  f in d in g s 

w e re  sim ilar to  th o se  o b ta in e d  w ith  F 1 w h ic h  w as n o t 

b o ile d  an d  in d ic ate  th at th e  G. lamblia f rac tio n  in v o l 

v ed  in  th e  d isac c h arid ase  d e f ic ie n c ie s  is h e at-stab le .

Iso l a t io n  o f  F1 s u b - f r a c t io n s

In  o rd e r to  fu rth e r p u rify  th e  f rac tio n  o f  th e  G. lam 

blia e x tra c t in v o lv e d  in  th e  d isa c c h a rid ase  d e f ic ie n 

c i e s ,  f r a c t i o n  F 1 w a s  s u b je c te d  to  g e l  f i l tr a tio n  

c h ro m a to g rap h y  u sin g  a Se p h ac ry l S-2 0 0  H R c o lu m n . 

T h e  d isso c ia tin g  a g e n t g u an id in e  H C I (Sig m a)  an d  th e  

re d u c in g  ag e n t D L -d ith io th re ito l (Sig m a)  w e re  u se d  as 

a n  e lu e n t to  d isru p t n o n - c o v a le n t in te ra c tio n s  an d  

b re a k  d isu lf id e  b o n d s  in  f rac tio n  F 1 . T w o  p e a k s  w e re  

o b se rv e d , o n e  o f  w h ic h  e lu te d  w ith  th e  v o id  v o lu m e

P a ra s ite , 1 9 9 5 , 2, 3 1 - 3 9
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F i g .  4 .  -  C h r o m a to g r a p h  o f  f r a c t i o n  F 1 . 

A p p r o x im a te ly  2  m g  o f  F 1 w e r e  a p p l ie d  o n  a 

Se p h a c ry l  S - 2 0 0  H R  c o lu m n  ( 1 .8  x  5 0  c m )  a t a 

f lo w  rate  o f  5  m l/ h . T h e  e lu e n t c o n s is te d  o f  2  M  

g u a n id in e - H C I, 2 .5  m M  d ith io th re ito l  a n d  0 .0 2 %  

s o d iu m  a z id e , in  P B S ( p H  7 .2 ) .  F r a c tio n s  w e r e  

c o l l e c te d  a n d  p o o le d  to  g iv e  F l a  a n d  F 1b , a s  

in d ic a te d . T h e  c o lu m n  w a s  c a lib r a te d  w ith  B lu e  

D e x tr a n  2 0 0 0  ( B D ;  >  2 0 0  x  1 0 4 M W ) , B o v in e  

S e r u m  A l b u m i n  ( B S A ;  6 . 7  x  1 0 4 M W ) , a n d  

R ib o n u c le a s e  A  (R n A ; 1 .4  x  104 M W ).

3 6 Mémoire
Parasite , 1995, 2 , 3 1 -39

Fig . 5 . -  D is a c c h a r id a s e  a c tiv itie s  in  g e rb i ls  c h a l 

l e n g e d  w ith  f r a c tio n s  F 1a  a n d  F 1b . G e r b i ls  w e re  

e a c h  c h a l le n g e d  w ith  0 .1  m g  o f  F l a  o r  F 1b  5 0  

d a y s  f o l lo w in g  a  p rim a ry  in f e c tio n  w ith  1 x  106 

liv e  tr o p h o z o ite s . C o n tro l  g e rb i ls  w e r e  a g e - m a t-  

c h e d  a n d  re c e iv e d  a  p rim a ry  in f e c tio n , b u t w e re  

n o t c h a l le n g e d . R e s u lts  a re  f o r  a s  m e a n  ±  s .e . ,  n  

=  4  f o r  u n c h a l le n g e d  c o n tro ls  ( ■ )  a n d  n  =  5  f o r  

F 1a / F1b  c h a l l e n g e d  g r o u p s  ( x ) .  * D i f f e r e n c e s  

b e tw e e n  c o n tr o l  a n d  c h a l l e n g e d  g r o u p s  w e r e  

s ig n if ic a n t, P  <  0 .0 5 .



Gmr d ia  f ra c tio n s  an d  d isacch arid ase  d efic iencies

Fig . 6 . -  SD S-P A G E o f  c ru d e  e x tr a c t o f  G . la m b lia  tr o p h o z o ite s  a n d  p a rtia lly  p u rif ie d  f ra c tio n s  o f  

th e  e x tra c t. T h e  g e l  w a s  s ta in e d  w ith  C o o m a s s ie  b rillia n t b lu e  R - 2 5 0 . M o le c u la r  w e ig h t sta n d a rd s  

a re  s h o w n  o n  th e  le f t. L a n e  1 : c ru d e  e x tra c t; 2  : F 1 ; 3  : F2 ; 4  : F3 ; 5  : F 1a ; 6  : F 1b .

( - 2 0 0  x  104 M W ) an d  th e  o th e r a p p e a re d  in  th e  h ig h  

m o le c u la r  v e ig h t ( >  6 .7  x  1 0 4 M W ) re g io n  o f  th e  

se p a ra tio n  (Fig . 4 ) . Fra c tio n s  1 5 - 1 9  a n d  2 0 - 2 5  w e re  

c o l le c te d  se p ara te ly  to  g iv e  p o o le d  frac tio n s F l a  an d  

F ib ,  re sp e c tiv e ly .

C h a l l e n g e  w i t h  f r a c t i o n s  F1a a n d  F1b

T o  d e te rm in e  w h e th e r  d isa c c h a rid a se  ac tiv ity  c o u ld  

b e  a f f e c te d  b y  o n e  o f  th e  f ra c tio n s  o f  F 1 , im m u n e  

g e rb ils  w e re  e a c h  c h a lle n g e d  w ith  a  to tal o f  0 .1  m g  o f  

e ith e r F 1a  o r  F 1b . En z y m e  ac tiv itie s  w e re  th e n  m e a 

su red  o n  d ay  4  p .c . T h e  ac tiv itie s  o f  all fo u r e n z y m e s  

re m a in e d  c o m p a ra b le  to  c o n tro l le v e ls  in  F la - c h a l le n 

g e d  an im als  (Fig . 5 ) . H o w e v e r, c h a lle n g in g  w ith  f rac 

ti o n  F 1 b  r e s u l te d  in  s ig n i f i c a n t d e c r e a s e s  in  th e  

a c tiv itie s  o f  la c ta s e , m a lta s e , a n d  tr e h a la s e . T h e s e  

re d u c tio n s  ran g e d  fro m  3 9 %  to  71% . A lth o u g h  su c rase  

ac tiv ity  s e e m e d  to  b e  lo w e re d  b y  a n  F 1b  c h a lle n g e  

(0 .0 7 1  ±  0 .0 1 4  U / m g  c o m p a re d  to  a c o n tro l le v e l o f

0.1 ±  0 .0 0 7 5  U / m g ), th is  d if f e re n c e  w as  n o t s ig n if ic an t 

g iv e n  th e  sa m p le  siz e s.

S D S - F A G E

In  o r d e r  to  d e te rm in e  w h e th e r  th e r e  a re  p ro te in s  

u n iq u e  to  th e  f rac tio n s  a f fe c tin g  e n z y m e  ac tiv ity , th e  

p ro te in  p ro f ile s  o f  th e  c ru d e  e x tra c t an d  o f  th e  p a r 

tially  p u rif ie d  e x tra c t f rac tio n s  w e re  c o m p a re d  f o llo 

w in g  SD S-P A G E. Se v e ra l h ig h  a n d  lo w  m o le c u la r  

w e ig h t b a n d s  w e re  s e e n  (Fig . 6 ) . T h e  c ru d e  e x trac t 

( la n e  1)  s h o w e d  a p p ro x im a te ly  20  d is c e rn a b le  p ro 

te in  b an d s, w ith  m o le c u la r  w e ig h ts  ran g in g  fro m  14 

to  1 30  k D a. H o w e v e r, th e  b a n d in g  p atte rn  o f  f rac tio n  

F 1 ( la n e  2 )  w as in th e  25 to  2 0 0  k D a ran g e  an d  F2 

( la n e  3 )  w as in th e  sm alle r re g io n  o f  3 0  to  55 kD a. 

Frac tio n  F3 ( la n e  4 )  sh o w e d  o n ly  o n e  p ro te in  b an d , 

o f  20  k D a. Fo r b o th  F1a ( la n e  5 )  an d  F 1b  ( la n e  6 ) , a 

n u m b e r o f  b a n d s  w e re  d e te c te d , m ain ly  in  th e  m o le 

c u lar w e ig h t re g io n  o f  32  to  2 0 0  k D a. H o w e v e r, th e re  

w e re  tw o  d isc re te  b a n d s  s e e n  in f rac tio n  F la  w h ic h  

w e re  a b se n t f ro m  F 1b . T h e s e  h ad  m o le c u lar m asse s 

o f  25 k D a  an d  27  k D a (arro w s, lan e  5 ) . In  ad d itio n , 

m a jo r b a n d s  o f  3 0  k D a  an d  3 7  k D a  w e re  s e e n  in  all 

sam p le s , w ith  th e  e x c e p tio n  o f  f rac tio n  F3. B o th  f ra c 

tio n s  w h ic h  w e re  im p lic a te d  in  th e  d is a c c h a rid a s e  

d e f ic ie n c ie s  -  F 1 an d  F 1b  -  sh o w e d  se v e ra l p ro te in s  

in  c o m m o n  w ith  th e  o th e r f rac tio n s.

DISCUSSION

G
. lamblia is th e  m o st c o m m o n  in te stin al p ro 

to z o a n  p arasite  o f  h u m an s an d  th e  a c u te  to  

c h ro n ic  d iarrh e a  w h ic h  it c a n  c a u se  is o f te n  

a s s o c ia te d  w ith  in te s tin a l m a la b s o rp tio n  (Fa rth in g ,

1 9 9 2 ) . Ev e n  w h e n  G iardia is n o t su sp e c te d , c a s e s  o f

P a ra s ite , 1 9 9 5 , 2 , 3 1 - 3 9
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m a la b so rp tio n  m ay  b e  d u e  to  la te n t g iard iasis , as th e  

o r g a n is m  c a n  b e  f o u n d  in  th e  in te s t in e  w ith o u t 

a p p e a r in g  in  f e c e s  ( K a m a th  an d  M u ru g asu , 1 9 7 4 ) . 

H o w e v e r, it h as  b e e n  f o u n d  th at th e  d isac c h arid ase  

d e f ic ie n c ie s  w h ic h  c o n trib u te  to  th e  m alab so rp tio n  o f  

n u trie n ts  in  g ia rd ia s is  c a n  o c c u r  in  in f e c te d  an im al 

m o d e ls  e v e n  in  th e  a b s e n c e  o f  th e  l iv e  p a r a s ite  

( B e lo s e v ic  et al., 19 89 ) .

In  th is  stu d y , w e  e x a m in e d  th e  c o n trib u tio n  o f  th e  

p arasite  to  h o st m alab so rp tio n  o f  d isac c h arid e s  in  g iar 

d iasis. O u r c h ro m a to g ra p h ic  p ro f ile  o f  G iardia p ro 

te in s  is su p p o rte d  b y  w o rk  d o n e  b y  C h au d h u ri an d  

c o lle a g u e s  ( 1 9 8 8 ) , w h o  o b ta in e d  a sim ilar th re e -p e ak  

s e p a ra tio n  o f  th e  G. lam blia s o lu b le  e x tra c t, u sin g  

Se p h ac ry l S-3 00  g e l f iltratio n . M o reo v er, th e se  re se ar 

c h e rs  fo u n d  th at m ax im u m  an tig e n ic  ac tiv ity  w as a sso 

c iate d  w ith  th e ir h ig h  m o le c u lar w e ig h t frac tio n , w h ic h  

e lu te d  in  th e  v o id  v o lu m e  an d  sh o u ld  c o rre sp o n d  to  

frac tio n  F 1 in th is stu d y . Fo llo w in g  se p aratio n  o f  th e

G. lamblia so lu b le  e x trac t th ro u g h  Se p h ac ry l S-200  H R 

c h ro m ato g rap h y , w e  w e re  a b le  to  id e n tify  F 1 as th e  

f rac tio n  w h ic h  c a u se s  th e  d isac c h arid ase  d e f ic ie n c ie s  

in  im m u n e  g erb ils . T h e  p atte rn s o f  lac tase , m altase  an d  

tre h a la se  re d u c tio n s  o n  d ay s 2 an d  4 p .c . in  g e rb ils  

c h a lle n g e d  w ith  F 1 m im ic  th o se  o b ta in e d  in  p re v io u s 

s tu d ie s  w ith  l iv e -  a n d  e x tr a c t - c h a l l e n g e d  a n im a ls  

( m a n u sc rip t in  p re p a ra tio n ) . T h e  in a b ility  to  d e te c t 

sig n if ic an t d if f e re n c e s  b e tw e e n  c o n tro l an d  te st g ro u p s 

w h e n  m e asu rin g  su c rase  ac tiv ity  m ay  sim p ly  b e  d u e  to  

th e  sam p le  siz es. U sin g  a g re ate r n u m b e r o f  an im als in 

c o n tro l an d  te st g ro u p s m ay  a llo w  f o r an y  d if fe re n c e s  

to  b e  c le arly  sh o w n , in a statistic ally  sig n if ic an t m an 

n er. In  ad d itio n , th e re  w as a th re sh o ld  e f f e c t o f  f rac 

tio n  F 1 o n  d isac c h arid ase  activ ity  an d  th e  c o n stitu e n t 

o f  F 1 in v o lv ed  in th e  im p airm en ts o f  e n z y m e  ac tiv ity  

w as fo u n d  to  b e  h e at-stab le .

W e  w e re  a b le  to  se p a ra te  F 1 in to  tw o  f rac tio n s, F la  

an d  F 1b , ag a in  u sin g  a Se p h ac ry l S-2 0 0  H R  c o lu m n . 

T h e  u se  o f  an  e lu e n t c o n ta in in g  th e  d isso c ia tin g  ag e n t 

g u an id in e  H C l an d  th e  re d u c in g  ag e n t d ith io th re ito l, 

to  d isru p t n o n - c o v a le n t in te rac tio n s  an d  b re a k  d isu l 

f id e  b o n d s  in  F 1, a llo w e d  f o r  th e  fu rth e r se p a ra tio n  o f  

g iard ial p ro te in s . T h e  ab ility  o f  f rac tio n  F 1b  to  in d u c e  

sim ilar d isa c c h a rid a se  d e f ic ie n c ie s  in im m u n e  g e rb ils  

as w h e n  c h a lle n g in g  w ith  F 1 o r th e  c ru d e  tro p h o z o ite  

e x tra c t (m an u sc rip t in  p re p a ra tio n ) , in d ic ate s  th at w e  

h av e  iso la te d  a f ra c tio n  c o n ta in in g  th e  p a ra s ite -sp e c i 

f ic  f a c to r  th at le a d s  to  d is a c c h a rid e  m a la b so rp tio n . 

Bo th  in te r-  an d  in tra-strain  an tig e n ic  v ariatio n  am o n g

G. lamblia iso la te s  h av e  b e e n  re p o rte d  (Sm ith  et al., 

1 9 8 2 ; A g g a rw a l a n d  N a sh , 1 9 8 8 )  a n d  th e y  c o u ld  

c o n trib u te  to  th e  v ariab ility  o f  sy m p to m s se e n  in g iar 

d iasis. P e rh ap s  in fe c tio n s  w ith  G iardia strain s w h ic h  

p o sse ss  th e  re le v an t p ro te in ( s )  p re se n t in  F 1b  le ad  to  

d isa c c h a rid a se  d e f ic ie n c ie s  in  th e  h o st. C o n v e rse ly , an

in fe c tio n  w ith  a strain  w h ic h  la c k s  th e  k e y  p o rtio n  o f  

f ra c tio n  F 1b  w o u ld  n o t a f fe c t d isa c c h a rid e  a b so rp tio n . 

T h e  c o m p le x ity  o f  th e  so lu b le  e x tra c t o f  G. lamblia 

w as  d e m o n strate d  b y  th e  SD S-PA G E p ro te in  an aly sis . 

T h e  p re s e n t s tu d y  re v e a le d  th a t a p p r o x im a te ly  20  

p ro te in  b an d s , ran g in g  fro m  14 to  1 30  k D a, c o u ld  b e  

d e te c te d . T h e s e  f in d in g s  a re  su p p o rte d  b y  th o s e  o f  

o th e r re se a rc h e rs , w h o  h a v e  re p o rte d  b e tw e e n  20  to  

2 8  p ro te in  b a n d s  w ith  m o le c u la r  w e ig h ts  ra n g in g  

fro m  a lo w  o f  10 k D a u p  to  1 40  k D a  ( M o o re  et al., 

19 8 2 ; Sm ith  et al., 1982 ; C h au d h u ri et al., 1 9 8 8 ) . W e  

a ls o  o b s e rv e d  so m e  v e ry  fa in t b a n d s  in  th e  re g io n  

b e tw e e n  130  an d  2 0 0  k D a  (w h ic h  w e re  c o n c e n tra te d  

an d  c le a rly  v is ib le  in  f rac tio n  F 1) . Su c h  p o o rly  d isc e r-  

n a b le  h ig h  m o le c u la r  w e ig h t b a n d s  in  th e  c r u d e  

e x trac t h av e  b e e n  re p o rte d  b y  Sm ith  an d  c o lle a g u e s  

( 1 9 8 2 ) , as w e ll. G iv e n  th e  in ab ility  o f  f rac tio n  F2  p ro 

te in s  to  a f f e c t e n z y m e  ac tiv ity , it is lik e ly  th a t an y  

p ro te in ( s )  in  F 1b  re s p o n s ib le  f o r  th e  d isa c c h a rid a se  

d e f ic ie n c ie s  is in  th e  55 to  2 0 0  k D a  re g io n .

T h e  ro le  o f  im m u n e  m e c h a n ism s  in  p ro d u c in g  m a la b 

so rp tio n  an d  in te stin al sy m p to m s is u n c le ar. D an ie ls  

a n d  B e lo s e v ic  ( 1 9 9 2 )  f o u n d  th at c h a l le n g in g  m ic e  

w ith  an  e x tra c t o f  G. muris le d  to  m o re  d e p re sse d  

d isa c c h a rid a se  ac tiv ity  in  su sc e p tib le  an im als  as c o m 

p are d  to  re sistan t m ic e . T h e s e  au th o rs  su g g e ste d  th at 

th is  f in d in g  c o u ld  b e  d u e  to  d i f f e r e n c e s  in  th e  

im m u n e  re s p o n s e  to  d if f e re n t p a ra s ite  a n tig e n s . So  

se le c tiv e  im m u n e  re c o g n itio n  o f  th e  re le v an t p arasite  

a n tig e n , p re s e n t in  f ra c tio n  F 1 b , c o u ld  u ltim a te ly  

re su lt in  e n z y m e  d e f ic ie n c ie s . T h e  s p e c i f ic  ty p e  o f  

im m u n e  re sp o n se  to  F 1b  w h ic h  c o u ld  c a u se  a d e c lin e  

in  d isa c c h a rid ase  ac tiv itie s  re m ain s u n k n o w n . Ba se d  

o n  o th e r s tu d ie s  o n  in te stin al d am ag e , th e  d isa c c h a ri 

d a s e  d e f ic ie n c ie s  in  g ia rd ia s is  m ay  b e  lin k e d  to  a 

m u c o sa l m ast c e ll re sp o n se  to  an  F 1b  an tig e n . C u rtis 

et al. ( 1 9 9 0 )  d e m o n stra te d  d e c re a s e d  d isa c c h a rid a se  

ac tiv ity  in  rats f o llo w in g  re p e a te d  an tig e n  c h a lle n g e . 

T h e s e  e n z y m e  d e f ic ie n c ie s  w e re  lin k e d  to  a m u c o sa l 

m ast c e ll re sp o n se , as  b o th  m ast c e ll p ro lif e ratio n  an d  

d e g ran u latio n  w e re  o b se rv e d . Sin c e  th e  g e rb ils  u se d  

in  th is  s tu d y  w e re  o u tb re d , it is  p o s s ib le  th a t th e  

v a ria tio n  in  e n z y m e  ac tiv ity  o b s e rv e d  w ith in  a te st 

g ro u p  c o u ld  b e  d u e  to  v ary in g  d e g re e s  o f  a m ast c e ll 

im m u n e  re sp o n se . It is im p o rtan t to  n o te  th at th e re  

a re  p o s s ib le  n o n - im m u n e  m e c h a n ism s  w h ic h  c o u ld  

a ls o  c o n tr ib u te  to  d is a c c h a r id a s e  d e f ic ie n c ie s .  Fo r 

e x a m p le , G iardia tro p h o z o ite s  are  k n o w n  to  p o sse ss  

p ro te in a s e  ac tiv ity  ( H a re  et al., 1989). A  p a rtic u la r  

p ro te in a s e  c o u ld  b e  p re s e n t in  f ra c tio n  F 1b  w h ic h  

a f fe c ts  th e  e n z y m e  le v e ls  as o b se rv e d . It is ap p are n t, 

th o u g h , th at w h a te v e r th e  c o n stitu e n ts  o f  F 1b  w h ic h  

are  in v o lv e d  in  th e  d isa c c h a rid a se  d e f ic ie n c ie s , th e y  

are  a b le  to  re sist th e  p ro te a se  ac tiv ity  p re se n t in  th e  

g u t, th ro u g h  an  u n k n o w n  m e c h an ism .

P a ra s ite , 1 9 9 5 , 2 , 3 1 - 3 9
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G ia r d ia  f r a c t i o n s  a n d  d i s a c c h a r i d a s e  d e f i c ie n c i e s

T h e  p re se n t stu d y  h as d e arly  im p lic a te d  f rac tio n  F 1b  

o f  th e  G. lamblia tro p h o z o ite  e x tra c t in  th e  d isa c c h a 

rid ase  d e f ic ie n c ie s  o b se rv e d  in  im m u n e  g e rb ils . T h is  

f ra c tio n  ac ts  w ith  a th re sh o ld  lim it o n  e n z y m e  a c ti 

v ity . It se e m s  p ro b a b le  th at w ith o u t th e  re le v an t c o m 

p o n e n t  o f  F 1 b ,  G iardia  s tr a in s  c a n n o t  c a u s e  

d i s a c c h a r i d a s e  d e f i c i e n c i e s  in  in f e c te d  h o s ts .  

H o w e v e r, fu rth e r in v e stig a tio n  o f  th e  m e c h a n is m ( s )  

o f  in te rac tio n  b e tw e e n  F 1b  an d  th e  m u c o sa l e p ith e lia l 

c e lls , in c lu d in g  th e  s p e c i f ic  p o rtio n  o f  f ra c tio n  F 1b  

in v o lv e d  in  th e  in te stin al d y sfu n c tio n , is n e c e ssa ry .
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