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ABSTRACT

P a a t l i t e r a t u r e  on th e  p a th o i’e n s i l s  o f  a m o e b iu l a  i s  
rev iew ed . C yto ch em ical and e l e c t r o n  n ic r o a c o p y  te c h n iq u e s  a r e  
c a r r ie d  o u t to  in v e s t i g a t e  th e  p o t e n t i a l  Mechanisms o f  i n i t i a l  
c e l l  damage th ro u ^ . th e  in t e r a c t i o n  b e tw e e n  c u lt iv a t e d  p a th o ­
g e n ic  s t r a i n s  o f  Sntarooeba h i s t o l y t i c a  an d  c e l l  l i n e  m o n o la y e rs .

E xp erim en ts d em on strated  i

1 )  C o n tac t betw een th e  amoeba and c u l t u r e d  c e l lo  i s  e s s e n t i a l  
f o r  p a th o g e n e s is  to  o c c u r .

2 )  No e v id e n c e  to  su g g e s t th a t  th e  a m o e b ic  enz.'wie-cont a ln ln g  
o r g a n e lle s  o r  s u r fa c e  ly s o s o n e e  a r e  r e s p o n s i b l e  f o r  c e l l  d a m e s .

3 )  No e v id e n ce  of  any am oebic c y t o t o x i c  enzyme in v o lv e m en t i n  
c e l l  dannge.

4 )  A to x in  ,  p ro b a b ly  p la s n a lo n n a  a s s o c i a t e d ,  th a t  a j j e a r s  to  a c t  
on th e  plasm a membrane o f  th e  c o n ta c te d  c e l l ,  le a d in g  to  th e  
breakdown o f  s e l e c t i v e  p e r m e a b i l i ty .  C e l l  lv e ia  r e e u l t a  from  
o sm o tic  e f f e c t .  The p a th o lo g ic a l  c h a n g e s  i n  in ju re d  c e l l s  
lo a d in g  to  c e l l  d e a th , and t h j  e n g u lfm en t o f  th e  in ju r e d  c e l l
by  th e  amoeba by th e  p r o c e s s  o f  p h a g o c y to s i s  a r e  ahown.

3 )  That c e l l  1 ysosomes p la y  no p a r t  i r .  t h e  e a r ly  d ev e lo p m en t o f  
c e l l  in ju r y  and th e r e  i s  a d e la y  in  c h a n g e  in  th e d i s t r i b u t i o n  
o f  th e  ly soso m al h y d ro la s e s  a f t e r  th e  a d d i t i o n  o f  t r o p h o a o ite w .

6) That c e l l  d eath  i s  n o t th e  im m ed ia te  con aequen oe o f  v i r a l  
geron e t r a n s f e r  in to  th e  h o s t  c e l l ,  th o u / ii th e  p resen ce  o f  v i r a l  
genome in  th e  amoeba may have some c o n n e c t i o n  w ith p a t h o g e n ic i t y .

The u s e f u ln e s s  o f  c e l l - l i n e  m o n o la y e rs  in  e v a lu a t in g  
th e  v lr u le n o e  o f  c u l t iv a te d  s t r a i n s  o f  a» tam o e b a  h l a t o l .y t l c a  i s
d is c u s s e d .

■■'urther work to  d e f in e  th e  c h e m ic a l  n a tu re  o f  th e  
amoeblo plasm alenm a i s  n e c e s s a ry  and a l s o  t o  i s o l a t e  th e  t o x i c  
f a c t o r  and to  d eterm in e i t a  r o l e  in  p a t h o g e n le l t y .
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INTRODUCTION

B .1  AVOHBIASIS IN OHrOTAL

In  1875  Pedor A le k s a n d ro v lc h  I 0 s c h ,  w orkin g  in  S t .  

P e te r s b u r g ,  id e n t i f i e d  in  th e  s t o o l  o f  a fe llo w  countrym an s u f f e r i n g  

f r o a  d y s e n te ry  a p r o to s o o n , an  a a o e b a ( and d e n o n s tr a te d  i t s  p a th o ­

g e n ic  p r t .p a r t ie s  by  f e e d in g  dogm w ith  th e  p a t i e n t ' s  f a e c e s .  I t  has 

s i n c e  been  shown th a t  a t  la s t  t  6  s p e c ie s  o f  an oebae a r e  found in  

hlunar, f n e c e i  b u t o n e , th e  E n tam o eb a  h i s t o l y t i c a .  (S c h a u d in n , 19 0 3 ) 

l a  th e  p a t '.o  gen r e s p o n s ib le  f o r  m o st c a s e s  o f  n o n - b a c i l la r y  

d y s e n te ry  i n  man.

The d ie e a s e  a s o e b i a s l s  cau sed  by B . h i s t o l y t i c a  i s  

c o sm o p o lita n  in  d i s t r ib u t io n  an d  i t  i e  e s tim a te d  t h a t  abo ut 10< o f  

th e  w o r ld 's  p o p u la tio n  i s  i n f e c t e d  b y  £ .  h i e t o l y t l c a  (WTO, 1 9 6 9 ) .

The in c id e n c e  i s  a a x ia a l  i n  t r o p i o a l  re g io n s  bu t th e  d ete rm in in g  

f a c t o r s  a r e  s o c lo e c o n o a lc  and s a n i t a r y  r a th e r  th an  c l l a a t i e .  ( M i l l e r ,  

1 9 7 4 ) .  The d ia t r ib u t t o n  o f  th e  d i s e a s e  in  th e  U n ite d  S t a t e s  o f  

A m erica , f o r  e x a n p le , h as been  show n  to  b e  in  th o s e  la r g e  r u r a l  

a r e a s  where u n s a t i s f a c t o r y  s a n i t a r y  c o n d it io n s  e x i s t  ( J u n ip e r ,  1971 ) 

and f o r  th e  east* r o s e e n  a n o th e r  1 m w o e tig a tlo s  o f  an In d ia n  r e s e r v e  

in  s u b - a r c t i c  Saskatch ew an  fou nd  t h a t  3 o f  th e  p o p u la tio n  h arboured  

th e  p a r a s i t e ,  8< s u f f e r i n g  from  a m o e b ia s ls  (P n lfd it a t  e l . ,  1 9 7 3 )»

The p a r a s i t e  i s  b a s i c a l l y  a g i t  lumen d w e l le r ,  th e  

«so eb ae  I n h a b i t in g  th e  lumen o f  t h e  c o lo n  fo l lo w in g  in g e s t io n  o f  

in f e c t l w e  c y s t s .  The amoebae w i t h i n  th e  c y s t s  e x e y e t  and b o ro n s  

tr o p h o a o i te s  w h ich , fe e d in g  on c o l l  d e b r is  and p o s e lh ly  on b a c t e r i a ,  

m u lt ip ly  w ith in  th e  caecum and p r o d u c e  f a r th e r  r e t * .  T h ese  s e r v e  

t e  p ro p a g a te  i n f e e t i o n  i s  new h o s t s  and are  a b le  to  s u r v iv e  f o r  

e e n s ld e ra b  1 e  p e r io d s  o u ts id s  t h s  b o d y . I n f e s t a t io n  r a y  l a s t  f o r

B.



■ • v ara ] y ta r «  w ith o u t d an a jft to  th e  w a ll  e f  th e  gu t and in  such

cum th «  aao eb ae s l a p l y  l i r a  aa a com m ensal w ith o u t p ro d u cin g  

d y s e n te r ic  ••■aj to a a  ( D o b e l l ,  1 9 ? 8 j 1 9 3 1 ) .  Under c e r t a in

c o n d it io n a ,  h ow ev er, th a  lu m en -d w e llin g  am oebae b a c o n * t ia a u a  

in v a d e r *  and a t ta o lr  th a  i n t e s t i n a l  w a ll f a e d in g  on e r y t h r y o c r te s  

and t i s s u e  e la n a n ts  g i v in g  r i s e  to  n u c o s a l  u l c e r a t io n  w hich n ay  be 

e h a c te r l s e d  c l i n i c a l l y  b y  abd o nlnal p a in ,  d ia r r h o s a  and th e  p a s s in g  

o f  b lo o d  s tr e a k e d  au o u s i n  th e  s t o o l .  S a v a r a  d is e a s e  w ith  s u p e r-  

ln p o s a d  b a c t e r i a l  i n f e c t i o n  o f  th e  u l c e r a t e d  a r e a s  r e s u l t s  in  lo s s  

i n  w alg tit, low g ra d e  f e v e r ,  and l s u c o c y t o s l s  ( J u n ip e r ,  1 9 7 1 )  w hile 

• n a s a l a i s  a  c o n c o m ita n t b o th  «. f  c h r o n ic  l n f a c t i o n  and o f  b lo o d  

l o s s .

Once th a  c o l o n i c  n u co aal b a r r i e r  h a s  bean tr a n s g r e s s e d , 

t r o p h o s o i te s  n ay  g a in  a c c e s s  tv  i s .  p o r t a l  c i r c u l a t i o n  and nay ba 

c a r r i e d  to  th a  l i v e r  w h ere th e y  n u l t l p l y ,  c a u s in g  t i s s u e  n e c r o s is  

r e s u l t i n g  in  th e  f o r n a t lo n  o f  h e p a tic  a b s c e s s .  Son* such  a b s c e s s e s  

b a c o n *  v e ry  la r g e  and p o t e n t i a l l y  d ang erous ( f n l ^ i t ,  19 7 4 ) a s  th e y  

h a v e  been  known to  r u p tu r e  in t o  p e r ic a rd iu m , lu n g  w ith  th e  fo r n a t lo n  

e f  b r o n c h o -h e p a t ic  f i s t u l a ,  o r  lu ng  a b s c e s s ,  g u t and p e r i to n e a l  

c a v i t y  a l l  o c c u r .

A n o e b la s is  i s  th e r e f o r e  a  d la e a a o  due to  a p a r a s i t e  

w ith  a  r e l a t i v e l y  s t a p l e  l i f e  c y c le  which d ep end s on i t s  hunan h o st 

f a r  s u r v iv a l o f  i t s  s p e c i e s .  The b lo o h e n ic a l  b a s i s  o f  p a th o g e n ic ity  

e f  t h i s  r e l a t i v e l y  s t a p l e  pro  to  soon h as r e a a ln e d  u n ex p la in ed  

d e s p i t e  n e a r ly  1 00  y e a r s  o f  r e s e a r c h  bu t w hat i s  c e r t a i n ,  f r o n  th e  

h o s t ' s  p o in t  s f  v ie w , i s  t h a t  p o te n t ia l  n o r b i d i t y  can  b e  e x p ec ted  

f r o n  th e  ao n en t £ .  hi s t o l y t i c a  in vad es th e  c o lo n io  a u c o s a . T h is  

t h e s i s  r e o e r d s  a h i s t o o h e n io a l  and f i n s  s t r u c t u r a l  stu d y  o f  

c e l l u l a r  in v a s io n  by  th e  p a r a s i t e .
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■ l M  T « r t a t lo n  v u  « l t h a r  «n M * l r o M M t t l  o r  t  gene t i c  f a a tu r a  

v a a  ln r o o t ig a t a d  th o r o u g b ly  b y  P ra a d a a n  and E lad on-D av ( 1 9 9 9 ) .

B y  e r o  tr in e  th a  2  « t r a i n a  t o g a th a r  I n  th a  sa n a  a n r l r o n a r n t ,  in  

th a  aana c u l t u r a ,  th a y  showad a  a l a a - d l a t r l b u t l o n  c u r r a  tri tb  2 

p a a k a . Tha r a a u l t a  l n p l ia d  g e n e t te  d i f f a r a n c e «  in  th a  tv o  a t r a in s .  

B u r ro » «  ( 1 9 9 9 )  l a  • a o rp h o lo g l c a l  a tu d y  o f  a a o ab aa , r a a c h a d  th a  

aan o  e o n e lu a io n  n a a a ly  t h a t  th a  a a ia l l  r a c a  t r o p b o a o ita a  « a lth o u gh  

a o r p h o lo g lo a l l y  a l a l i a r ,  u»k  d i f f a r a n t  f r o a  tb a  la r g a  r a o a  

a a o ah aa  o a  th a  b a a la  o f  a l  B a c i la  t r i  b u t lo n  o f  bo tb  c y a t  and  o f  

t r o p h a a o l t a .  B o th  B u rro  ira ,  a n d , P ra a d a a n  and Kladon-D av a u -g a a ta d  

t h a t  th a  a a a l l  aao ab aa  a h cu ld  h a  r a g a r d a d  aa a a a p a r e ta  a p a c la a ,

K . b a r t c a n n i . Tha p r o b la a  « aa  c o a p l i c a t a d  fu r t b a r  b y  th a  

d a a o r lp t lo a  o f  a a o a b le  a t r a l n a  -  L a r a d a , H u ff ,  403» JA A 1 0  -  * l t b  

q u a d r i m ic i  e  a t  e  eymXm t h a t  r a a a a b la d  I .  h l a t o l r t l c a  n o r p h o lo g le a l l y  

and ap p aarad  to  ba  « x t r a a a l y  a d a p ta b la  to  ro o a  ta a p a r a tu r a  aa  « a l l  

a a  t o  body ta a p a r a t u r a ,  and to  c h a n g a a  I n  o a a o t l c  p r a a a u r a  

(R I eh  arda a t  a l« »  1 9 6 6 ) .  Th aaa  j .  h l a t o l r t l c a - l l k a  a a o a b a a  b a ra  

b a a n  ahovn t a  d i f f a r  f r o a  th a  t r u a  t u a t o l r t l o a  group b o th  

b l a o h a a l c a l l y  and b l o l o g l a a l l y  ( O a ld a a n , 1 9 6 9 ) .  B a a l and Joh nao n  

( i 9 6 0 )  « o r k ln g  « l t h  th a  aa n a  9 *•  h l a t o l y t l o a - l l k a  a t r a l n a ,  a l l  

a f  » h io h  » a r a  b ro u g b t to  t h a l r  l a b o r a t a r y  b y  O old aaa, t a a t a d  f a r  

« l r u la a o a  b y  ln o e u la t l a n  l a t a  th a  e a a e a  o f  young r a t a .  T h a 

r a a u l t a  r a r a a la d  t h a t  a l l  a t r a l n a  f a l l a d  t o  produo« o a a c a l  u l c a r a -  

t l o n  I n d i c a t i n e  t h a t  th a y  « a r a  n o t p a th o g a n lo . Su eh t a a t a  f o r  

* l r u l  a n ca  « a r a  a la o  uaad  t a  a a a » « r  q u a a t lo n a  auoh aa w h a th a r  

t o t a l  I r  c o n -p a th o g a n lo  a t r a l n a  a f  £ .  h l a t o l r t l c a  « x la t  l a  a a r a p ta o -  

a t l e  c a r r i  « r a t  « r  a r a  a l l  a t r a l n a  o f  | .  h l a t o l r t l c a  p a th o g a n lo , 

e a p a b la  a f  in r a d in g  tb a  b o a t  un d ar c a r t a i o  o o n d lt lo a a . B a a l  ( 1 9 9 7 )

l i  B ar ~ * t h a t  th a r a  » a a  a d i f f a r a n c a  I n  « l r u la n c «  b a t» « « n roba«
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am oebae i n  b a c t e r ia - a s s o o ia t e d  c u l t u r e s  w ith  low er red o x  p o t e n t i a l .  

P h i l l i p s  e t  a l .  ( 1 9 5 8 )  w orking on g e r m - f r e e  guinea p ig »  o b serv ed  

t h a t  t h e r e  l a  a d i f f e r e n c e ,  which wan q u i t e  s u b s t a n t ia l ,  i n  th e  

0 - 8  p o t e n t ia l  o f  th e  caeeu a  be tw een  t h e  g e rm -fre e  ( - $ 0 .3  n v ) and 

t h e  c o n v e n tio n a l g u in ea  p ig »  ( —3 7 6 .2  a r ) .  S in ce  am oebic i n f e c t i o n  

f a i l e d  t o  d ev e lo p  in  th e  g e rm -fr e e  a n í m a l e ,  th e  au th o rs in v e s t i g a t e d  

t h e  h y p o th e s is  th a t  r e d u o tlo n  in  0 -8  p o t e n t i a l  i s  a c o n t r i b u t o r y  

f a c t o r  i n  a l t e r i n g  th e  environm ent o f  t h e  I n t e s t i n a l  m u co sa . The 

p o t e n t i a l  was lo w ered  by  a p p ly in g  c h e m ic a l  red u cin g  a g e n t» .

Sodium  t h i o g l y o o l l a t e ,  and L - c y s t e ln e  h .v d ro e h lo rld e , and in  su ch  

c a s e »  lo o a l  am oebic le s io n s  d ev e lo p ed  o n l y  a t  s i t e s  o f  in o c u l a t io n  

an d  f a i l e d  to  sp read  w ith in  th e  gu t w a l l .

E ato n  and N eerov lto h  (1 9 7 3 )  » f o l lo w i n g  a number o f  i n  

v iv o  and i n  v i t r o  e x p e r im e n ts , s u g g e s te d  t h a t  E . h i s t o l y t i c a  was 

c l o s e l y  d ependent on th e  p r e o is e  0 - «  p o t e n t i a l  o f  i t s  e n v iro n m e n t.

I n  v iv o  e x p e r im e n ts , u s in g  c a e c a l l y  i n f e o t e d  r a t s  i l l u s t r a t e d  th a t  

£ .  h i s t o l y t i c a  f a i l e d  t o  In vad e th e  c a e c u m  when th e re  was a  r i s e  

l a  th e  in s p ir e d  a i r  pOg . The a u th o rs  b e l i e v e d  th a t  th e  d e g re e  o f  

ia v a m lv e n e s s  o f  d i f f e r e n t  s t r a i n s  o f  £ .  h i s t o l y t i c a  depended on th e 

a d a p ta t io n  o f  th e s e  s t r a i n s  to  an e x i s t e n c e  a t  vary in g  0 -8  

p o t e n t i a l .

V ir u le n c e  was found to  i n ó r e n s e  b y  adding c h o le s t e r o l  

t o  e u l t u r e s  o f  E . h i s t o l y t l o t  o r  b y  f e e d i n g  r a t s  and gu in ea  p ig s  

en  t h i s  s t e r o i d ,  b u t th e  l i t e r a t u r e  on  t h e  e f f e c t  o f  c h o l e s t e r o l  

i s  c o n f l i c t i n g ,  a s  s t r e s s e d  by E nigfct e t  a l .  ( 1 9 7 3 ) .

S in g h  ( 1 9 5 9 )  te s te d  th e  e f f e c t  o f  c h o le s te r o l  on s t r a i n s

o f  X . h i s t o l y t i c a . which were I n i t i a l l y  n o n -in v a s iv e  to  r a t s |  th e  

s t r a i n s  b e in g  I s o la t e d  from c a r r i e r s .  U l c e r a t i o n ,  which was n o t
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produced in  th e  rat«* C M C * in  th e a b sen c e  o f  c h o l e s t e r o l ,  d ev e lo p ed . 

V ea l and V in cen t ( i 960)  r e p e a te d  th e e x p e r ln e n ts  o f  S ingh (1 9 5 9 )  

u s in g  th e  san e  methods and s t r a i n s  o f  Ji. h i s t o l y t i c a . The r e s u l t s  

showed no r i s e  In  l n f e c t l r l t y  o r  in  In v a s iv e n e s s  and no in c r e a s e  In  

growth r a t e  o r  s l s e  o f  a a o eb a e  in  v i t r o  was o b s e r v e d .  R e ce n tly  Sir.<d>, 

S r lv a s ta v a  and Ifcitta  ( 1 9 7 1 )  p u b lish ed  d e t a i l s  o f  t h e i r  work on th e  

v ir u le n c e  o f  th r e e  n o n -ln v a s iv e  s t r a i n s  o f  S .  h i s t o l y t i c a . They 

found t h a t  th e  a c q u ire d  v ir u l e n c e  o f  th e s e  s t r a i n s  c o u ld  be 

m a in ta in e d  by  fe e d in g  am oebae w ith  e h l o r e s t e r o l .

B .2 .2.9 r a r a s i t l c  v i r u l e n c e

S e v e ra l  a u th o rs  h av e p o in ted  o u t t h a t  t h e  amoeba i t s e l f  h as 

a  p a r t  to  p la y  in  h o s t - p a r a s i t e  e q u i lib r iu m  ( P h i l l i p s  and B a r t g l s ,

1954»  P h i l l i p s ,  1973»  B o s ,  1973»  B os and H a g s , 1 9 7 5 »  Thoapson,

1971»  V l t t n e r  and R o s e n b a u s , 1970» P h i l l i p s  e t  a l . ,  1972»

T a n la o to , 1971»  Diamond e t  a l . ,  1 9 7 3 )«  Th ey d e m o n s tra te d  th a t  

c o n tin u e d  c u l t i v a t i o n ,  n o n o x e n lc a l ly  and a x e n i c a l l y  c an  le ad  to  a 

lo s s  o f  v ir u l e n c e  and l n f e c t l v i t y  in  la b o r a t o r y  a n im a l s .  That 

v ir u le n c e  n ay  be r e a to r e d  b y  r e a s a o c ia t l o n  w ith  b a c t e r i a  o r  by 

p a ssa g e  th ro u g h  th e  h a m ste r  l i v e r  o r  i n t e s t i n e  h a s  a l s o  been 

d em on stra ted  (T h o ap so n , 1 9 7 1 »  V lt tn e r  and R o s e n b a u n , 1 9 7 0 ) .

The lo o s  o f  v i r u l e n c e  o f  amoebae was n o t  o b serv ed  u n t i l  

s t r a i n s  w ere grown and m a in ta in e d  in  b a c t e r i a l - f r e e  c u l t u r e s .  Sons 

w orkers n o t i c e d  a lo s s  o f  v ir u l e n c e  when th e  am oebae w ere t r a n s f e r ­

red  f r o s  a b a c t e r i a - a s s o c l a t e d  c u l tu r e  to  a m on o xen lo  c u l tu r e  w ith  

T .  c r u a l  a s  an a s s o c ia t e  ( L u t te r n o s e r  and P h i l l i p s ,  1 9 5 2 ) .  P h i l l ip s  

and B a r t g l s  (1 9 5 4 )  r e p o rte d  t h a t  th e  v ir u le n c e  w as r e s t o r e d  by 

r e tu r n in g  th e  amoebae to  a c u l t u r e  w ith  s e l e c t e d  b a c t e r i a ,  thus 

a g a in  i n d i c a t i n g  th e  p o s s ib le  r o l e  o f  b a c t e r ia  i n  p r o v id in g  a 

s t im u lu s  f o r  p a th o g e n ic i ty .

Amoeba grown in  n o n o x en lo  c u l tu r e s  w it)  C r l t h l d l a  s p .
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m m  ago  v a r ie d  i n  v i r u l e n c e .  Soee c lo n e s  w e re  o o n p le te ly  

• v i r u le n t .

P e rh a p s , th e  a o e t  p rom isin g  h y p o t h e s i s  i s  th a t  an 

• p is o s a l—l i k e  m a te r ia l  e x i s t s  which a c t a  aa  a  v ir u le n c e  f a c t o r  

( V i t t n e r  and Rosenbaum , 1 9 7 0 ) .  W hether i t  i s  a  v i r a l  a s s o c i a t e  o r  

n o t th e  a u th o rs  do n o t s p e c i f y .  The c a r r y i n g  o f  a  v i r a l  a g e n t w ith in  

th e  am oebae h as been p o s tu la te d  In  1 9 6 1 , when B i r d  In  h i s  t h e s i s  

on " S t u d ie s  on A a o e b la s ls  in c lu d in g  th e  m o rp h o lo g y  and b e h a v io u r  o f  

c e r t a in  P a r a s i t i c  amoebae o f  man and A n im a ls "  s u g g e s te d  th a t  " t h e  

o a r r y in g  o f  v ir u s  a a t o r i a l  b y  th e  amoebae o r  t h e  c o - e x i s te n c e  o f  a  

l o c a l i s e d  a u c o s a l  r e a c t io n  to  th e  c o n c u r r e n t v i r a l  i n f e c t i o n ,  

oou ld  a c co u n t f o r  a l l  th e  o b s e r v a t io n s  c o n n e c te d  w ith  th e v ir u le n o e  

o f  aao ebae and does th e r e f o r e  r e q u ir e  i n v e s t i g a t i o n . "  To exam ine 

aueh a c o n c e p t may be d i f f i c u l t ,  bu t B lsd o n-D ew  ( 19 6 4 ) quoted  an 

ad eq u ate  p a r a l l e l  in  £ .  d lp th e r la e  where a  v i r a l  in f e c t i o n  o f  th e  

b a c te r iu m  in d u ce s  a  g e n e t ic  chan ge a f f e c t i n g  t h e  v ir u le n c e  o f  th e  

o rg an ism . S i m i la r ly  a  s t r a i n  o f  T r i  chomonaa s a l  U n a s ,  th a t  had 

b eoo ae a v l r u l e n t  a f t e r  a  lo n g  p e r io d  o f  a x e n ic  c u l t i v a t i o n ,  becam e 

v ir u le n t  a f t e r  b e in g  t r e a t e d  w ith  a c e l l - f r e e  h om ogenate o f  a  

v ir u l e n t  s t r a i n  (H o nid berg  and R ead , I 9 6 0 ) .  Th e a u th o rs  s u g g e s te d  

th a t  v ir u le n o e  i s  a g e n e t lo a l ly  c o n t r o l le d  c h a r a c t e r  o f  s t r a i n s  

o f  T . ga l l i n e s . s ln o e  th e  a d d it io n  o f  DWAase t o  t h e  homogenate o e l l  

m ix tu re  b lo c k e d  th e  tr a n s f o r m a tio n .

▼ ln t s - l lk e  p a r t i c l e s  w ith in  ”*»tam oeba h i s t o l y t i c a  worm 

f i r s t  d e s c r ib e d  by  M i l l e r  and S w srtsw eld er  ( i 9 6 0 )  who o bserved  a 

sm a ll a r r a y  o f  p a r t i c l e s  abo ut 40 nm in  d ia m e te r  w ith in  th e  p e r i ­

n u c le a r  c y to p la sm  o f  a t r e p h o s o lte  o f  £ .  h l a t o l  v t i c a  c u l t iv a te d  i n  

th e  p re s e n ce  o f  b a c t e r i a .  B ir d  (1 9 6 1 )  d e a o r ib e d  2  d i s t i n c t  ty p e s

o f  p a r t i e l s  i n  t r o p h o a o lte s  In v a d in g  a b io p s y  s p e c im e n  from an
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• q u ip p ed  w ith  a ln p le  o r  compound tu b u la r  t r i g g e r s ,  w h ich  c a n  be 

e a a i l .v  r e le a s e d  on c o n t a c t  w ith  a n o th e r  o r g a n ie a .  S u r f a c e - a c t iw e  

ly a o e o a e e  w ere a ls o  d em o n stra ted  in  B .  h i s t o l y t i c a  o b t a i n e d  f r o a  

c o l o n i c  b io p s y  sp ecim en s ( P r o c t o r  and G reg o ry , 1 9 7 ? b ) b u t  t h e i r  

I l l u s t r a t i o n s  a r e  n o t c o n v in c in g .  B l- H a s h la i  and P i t t a a n  ( 1 9 7 0 )  and 

O r l f f i n  ( 1 9 7 1 )#  a ls o  u s in g  c o lo n ic  a a t o r i a l #  w ere u n a b le  t o  o o n f lr a  

t h i s  w o rk . S u r fa c e  ly s o s o a e s  w ere how ever o b a e r v d  i n  t r o p h o s o l t o s  

o f  n o n —p a t)  o g e n ic  ^ itam o eb a s p e c ie s  -  S .  c o l l  « id  Z. a o a h k o  v a k i l  

( R o n d a n e l l i  e t  a l . ,  1974a#  s ) .  K n igh t e t  a l .  (1 9 7 5 )  s u g g e s t e d  th a t  

th e  s o - c a l l e d  s u r fa c e  ly s o s o a e a  e i g h t  b e  d ig e s t iv e  v a c u o le s  o r  o th e r  

v a c u o la r  s t r u c t u r e s  s e c t io n e d  n e a r  th e  ar.oebal s u r f a c e .  I n  r e c e n t  

p e a r s ,  th e  p a r t  p lay ed  by  th e  a u l t i p l l e i t y  o f  h o s t  f a c t o r s ,  p h y s le o -  

e h e a l e a l  and b i o l o g i c a l ,  in  o b s c u r in g  th e  e l u c i d a t io n  o f  t h e  a a o e b le  

p e n e t r a t io n  problem  h as g a in e d  a c c e p t a n c e .  V ea l (1 9 7 1 )#  e o f fi lm a n t o f  

th e  d i f f i c u l t i e s ,  c o n s id e r e d  w h e th e r  "we do n o t y e t  h av e a  c o n v e n ie n t 

s t a p l e  m odel f o r  th e  d e t e r a ln a t lo n  o f  In v a s iv e n e s s " .  I t  i s  s u g g e s te d  

t h a t  a  s t a p l e  m od el, u n a f f e c te d  by  th e  c o m p le x ity  o f  h o s t  f a c t o r s ,  i s  

an i n - v i t r o  c e l l  c u l tu r e  ey e  t e a .  T h is  work i s  b ased  on s u c h  a  a r e t e s .

» . 3  i VTi a r i OATicy o p  a po r fx c  pa tbo o '» B 8 I s

l a  t h i s  s tu d y  e f  th e  p a th o g e a le l ty  o f  £ .  h i s t o l y t i c a  

th o  f o l lo w i n g  ln v e e t lo p t io n s  w ere u n d ertak e n  I 

X . H ^atooheajipa}

a )  S tud y o f  1 r s e e o a a  1 e n a r s e s  a t  l l ^ t  m ic r o o e o p l c a l  

l e v e l  i n  t r o p h e a o ite s  o f  h i s t o l y t i c a  ( '2vane s t r a i n )  and i n  c e l l  

c u l t u r e s  b o th  s e p a r a te ly  and i n  co m b in a tio n  to  d e te rm in e  w h e th e r  

• e l l  i n j u r y  i s  th e  r e s u l t  o f  d is r u p t io n  o f  ly s o a o a e s  as s u g g e s t e d  

by J a r u a i l i n t a  and f r a d o l f e r  (1 9 « 4 )  ( S e e  T a b le  X I a ) .

* ) 1 y e o e o s a l e n a m e e , a r  2 s u l p h a t a s e  and
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a c id  p h o s p h a tn e e , a t  a le c t r o n  a l c r o a c o p i c a l  l a v a i ,  b o th  f o r  t b a  

r a u o n  a t a t e d  I n  ( a )  and t o  i n v e s t i  ir a te  th a  a l i a t e n e «  o f  th è

" s u r f a c a  l .m o e o n e "  e o n o a p t o f  B e to n  a t  a l  ( 1 9 6 9 .  1 9 7 0 ) .

e )  S tu d .r o f  o t h a r  a n im e  a o f  knovn c e l l u l a r  d i a  t r i b ù  t i  on 

in  o a l l  c u l t u r e  b a f o r a  and a f t a r  i n t e r a c t i o n  w ith  h l a t o l  r t i c a  

( T a b la  X l b ) .

I I  N o m a i t r a n a n la a io n  a le c t r o n  m ic r o s c o p ie  
ta c h n jt tu e a  uaad i n  i

e )  The a x a n ln a t io n  o f  t b a  n o r p b o lo g r  o f  t b a  r a r i o u a  

a t r a in a  o f  E .  U l a t o l r t i c a  gro en  nono x e n i c a l l y  and a x a n l o a l l j r .

b )  Tba i n v e s t i  g e t io n  o f  p a t h o l o g lc a l  c h a n g a s  t a k l n g

p la c e  d u r in e  t b a  i n t a r a c t l o n  t a U a a n  h l e t o l r t l c a  and c e l i  

e u l t u r a a .

e )  T e a t i n a  tb a  a f f a e t  o f  an  a n t ih ia ta ir  i n e  on t b e  i n t e r ­

a c t io n  betw een an o a b a e  and c e l i  n o n o l a r a r e .

d ) S x a a in ln g  tb a  e f f a c t  o f  a  hoeo p a n a te  e f  a  e t  r a i n  o f  

B . h l e t o l r t l c a  upon a  so n o 1 a y e r  i n  o r d e r  to  e s p l o r a  T i l l a r e J o s *  

h.vj'O theaia (19 6 2 ) t b a t  t b a  p a tb o g e n le  n e c h a n la n  o f  in v a e lo n  l e  t b e  

r e e u l t  o f  d e o o e p o a it io n  o f  a n o a b a e .

e )  Tba i n v e s t i g a t i o n  e f  U h ab d o riru a  p a r t i ó l e s  in  

» I ta n o e b e  s p a .  ( r e f e r  t e  B lr d  and r e C a u l .  1 9 7 6 ) .

111 JTWiBg, s , ...
on c . l l - c u l t u r .
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2 * 1  .  A «  c e l l s  w ere f i r s t  suspended by  s h a k in g  and k n o ck in g  t b s  

b o t t l e  a g a in s t  th e  p a in  o f  th e  ban d , th en  r esu sp en d ed  in  20 n l  o f  

c u l tu r e  a e d lu a , w hich  was th en  d is p e r s e d  i n t o  new b o t t l e s .  Ths 

s u b c u ltu re  r a t i o  was n a in t a ln e d  a t  1 id  t o  1 * 5 .  The aed lu a  was 

rsnew ed ew ery 3 t o  4  d a y s . The s u b e u ltu r in g  p ro c ed u re  was 

perform ed  o n ce  w eek ly  I n  a  p o s i t iv e  flo w  c a b in e t  t o  o b v ia te  

b a c t e r i a l  c o n ta m in a t io n .

e . i . )  c u j ju r o  h i

The r e q u ir e m e n ts  o f  th e  v a r io u s  c s l l - l i n e s  a re  shown i n  

T a b le  I I I  • The a e d la  f o r  th e  RJT13 c e l l - l i n e  w ere o b ta in e d  from  

W ell c o s e  r e a g e n ts  M a l t e d ,  and w ere su p p lem ented  b y  100  u n l t s / a l  

p e n i c i l l i n ,  50 u g / n l s tr e p to m y c in  su lp h a te  and 2 .5  ug/al

A ap h o teroo ln  B .

C .2  f .  HI3T0LTTICA STRAWS

e . 2 . i  *o",2.M aLq. U a f

The e le v e n  s t r a i n s ,  l i s t e d  i n  T a b le  I T ,  w ere o b ta in e d  

f r o n  Dr R . K n igh t ( L iv e r p o o l  Sch o o l o f  T r o p ic a l  M e d ic in e )  They 

w ore c u ltu r e d  l a  TTT medium w ith  a C r i t h i d i a l  a s s o c i a t e  (D iam ond,

I f  M g ) .

A l l  11 s t r a i n s  t e s t e d  had a  o y to p a th ic  e f f e c t  upon RE13 

s o i l  m onolayer ( K n ig h t , p e r s o n a l co m m u n ica tio n ).  O n ly  th e  E vans 

s t r a i n  was m a in ta in e d  c o n t in u o u s ly .

C. 2 . 2 .

Two s t r a i n s  HM-1«IMS3 and 20CIHIB w ere k in d ly  s u p p lie d  

b y  Dr L .S .  Diamond and w ere b ro u gh t to  B ng laad  b y  Dr R .O . B ir d  in  

T P - S - l  medium (D iam ond , 1 9 6 8 b ) .  They w ere k e p t f o r  24  h ou rs i a  an 

la o u b a to r  a t  3 6 .5 *C  b e f o r e  b e in g  in o c u la te d  o n to  a  R f l 3 e o l l - l i n o .

An a t te a p t  was aad e t o  c u l t u r e  th e  two s t r a i n s  a z e n l o a l l y ,  b u t no 

growth was o b ta in e d .
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I z m I o '2 00 ' * u  a u p p l ltd  k.r Dr R . V a t i  (V a l ic o » «  

H oaoarch  L a b o r a to r i« « ,  B « e k « n h a » ) .

C . a . J .  C u ltttr«  » « d ia

C . i i J . t  The fo r m ila  u ««d  f o r  th «  ao n o p h aa lc  TTT » «d lu »  f o r  

■ o n o x tn ic  growth o f  B .  h ja t o l . r t l c a  a t r a l n ,  g r a n a , and a to e k  

c u l t u r a «  o f  C r i  t  h i d i a  a p .  vaa a a o d l f l c a t l o a  o f  D la a o n d 'a  o r i  « I n a i  

» • d lu »  (D laao ad , 1 9 6 6 « )

Trjrptoa« (D i f c o ) 0 . 0  g
T ryp tloaa « (BBL) 8 . 0  g
Taaat e x tra c t (D ifo o ) 6 . 0  «
D-glucoa« ( in a la r  BDH) 4 . 0  «
L-cyataina h .rdroch lorl d« 0 . 0  g
L. aaeorblc ac id o . 32g
Soditi» c h lo r ld o 4 .0  «
Dlpotaaalun hydrogan ortbophoaphat« 1 . 28 «
Pc taeaiua dlhpdrc gm t orthophoaphat« 1 . 28 «
D iati 11 ad w ater to  a sk « 10 0 0  »1
pH a d ju s te d  w ith  I  .OH HaOH to  6 .0

Th« t r - p t o a a  was f l r a t  d la a o lr a d  1»  v a t« r  w ith  th «  a id  o f  h « a t  

( 5 0 °C )  ,  than  tk «  r a s a ln i n g  la g r « d l« n to  war« add«d and d la a o lr » d  

h r  on« l a  th «  o rd e r  « I r a n .  I f  t a r  a d ju s t  i n «  th «  pH w ith

IH  HaOH, th «  M d lu a  waa d la p « a a « d  l a  13  a l  an oun ta  l a  F U w -ld h . 

t l a a a » - « u l t u r «  tub«« ( 1 2 5  «■• lo a g  and 16  a » .  d l a n « t « r ) ,  w ith  

p i a n t i «  aor«w cap o . Tha tu b « «  w ith  th «  b ro th  w «r« « t o n i l a « «  bp

a u to e la w la g  a t  12 1°C f o r  1 0  n l a a . ,  and th an  k a p t a t  4°C f o r  up t o  

6  w ««k a ,  when th« o o lo u r  o f  th «  a « d lu a  tu rn ed  f r o »  l i g h t  p o l lo »  t o  

p a l l a a l a h  brown, khan r e q u ir e d  th «  fo l lo w in g  « u p p lo ao n ta  w ar«

D « flh r ln a t« d  h uaan  b lo o d  
Hor«« So m » ( V a l i c o » «  H° r 

l n a c t l r a t e d )  
- tra p to a .r c ln  a u ip h a t«  
B«n«.rl p e n i c i l l i n

1 - 2  drop«

0 . 9  «1
17 0 0  u g / al o f  » a d ln a  
1700 u n lta / n l o f

• o d i u n
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P ro p a g a tio n  o f  E .  h y s t o l y t l c a  n o n o x en lc  c u l t u f  i 

Tha E van s s t r a i n  was a a ln ta ln o d  a t  3 7 .0 °C  and s u b c u ltu re d  

a t  a l t e r n a t e  I n t e r v a l s  o f  7 2  and 96 h o u ra . B a fo r a  t r a n s f e r r i n g ,

1 t o  3 a l l l i o n  C r i th ld la / a l  o f  e u l tu r a  a ad iu a  f r o a  s to c k  o u ltu r a a  

w ars addad to  th a  TTT a a d iu a  ir lth  addad s u p p le a e n ts .

To t r a n a f a r  th a  a a o e b a e , th a  a a d iu a  f r o a  o ld  e u ltu r a s  

was d sca n tsd  a s e p t i c a l l y  and r a p la c a d  w ith  f r a s h  TTT n sd iu s  w ith ou t 

addad s u p p la a a n ts . Tha tu b a s  w ars th an  o h l l l s d  i n  io e - w a ta r  f o r  

1 0  a ln u ts s  and in w a rta d  s e v e r a l  t i n e s  to  lo o s s n  an oabaa a t ta c h a d  

t o  th a  w a ll o f  th a  tu b a s . C a n tr lfU g a t lo n  a t  1^00 rp a  f o r  3 s i  n ut as  

w ss s u f f i c i e n t  to  p a l l e t  th a  a n o e b a e . S u p s m a tin t  f l u i d  was 

d so sn ta d  e x cep t f o r  th a  l a s t  1 a l .  Tha p a l l e t  was th an  used  f o r  

in o c u l a t in g  new e u l t u r a s ,  w hich  w are in c l in e d  a t  1 9 °  f r o a  th a  

h o r ia o n t a l .  S u b e u ltu r ln g  was p e r fo r a e d  s c e p t i c a l l y  in  a p o o l t i r e  

f le w  c a b in e t .

Tubal b a c t e r i a l  o o n ta a ln a t lo a  n e c e s s i t a t e d  a d d it io n a l  

a a t l b i o t l e s .  The o ff e n d in g  o rg an ism  was a F se u lo n o n as  s p .

S e n s i t i v i t y  t e s t i n g " *  s u g g e s te d  t h a t  C a r b a a lo l l l i n  so d lu a  a t  a 

d o sag e a f  200  ug/al was In d ic a te d  f r o a  th a  a n l t - b a c t e r i a l  p o in t  

e f  view  but i t  was found a t  t h i s  e o n e s n t r s t lo n  th a  a n t i b i o t i c  had 

an ad v e rse  a f f e c t  on a a o e b ic  grow th r a t a .  A cco rd in g ly  a a p l e i l l i n  

a o d lu a  (1 3 0 0  u g / a l) w ith  O e n tM lc ln  s u lp h a te  30 u g / a l o f  a c d lu a  

and b e a s y l p a n l c l l l l a  (1 7 0 0  u a i t a / a l  a f  ae d lu a )  v a ra  s u b s t i t u t e d .  

C .2 * 3 * b  Tha f o n m la  used  f o r  a o n o p h a sic  T P -0 -1  a a d iu a  ( S i a s o n i ,  

1 9 0 0 b )  f o r  a s e n lc  growth o f  2 *  h l s t o l v t l c a  s t r u m a ,  2 0 0 »HIM and 

B i- l iZ R S S  was as fo l lo w s  i

S e n s i t i v i t y  t e s t s  w ere c a r r ie d  c u t  b y  Dr J .  Orange in  th e  
D e p a r ta e n t a f  M ic r o b io lo g y , M id d lese x  H o s p i ta l ,  London and b y  Mr 
Moody l a  th e  D ep artaen t o f  P a th o lo g y , H o s p ita l f o r  T r o p ic a l
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T r y p t lo a s e  (BBL)
P an aed s L iv e r  d ig e s t  (P  A B)
O lu e o ss
L - c y s t s i n e  h y d ro c h lo r id e  
A s c o rb ic  s a id  
Sod lua e b lo r id s
D ip o ta s e iu n  hydrogen o rth o p h o sp h a te  
P o ta s e lu a  d lh yd rog en  o rth o p h o sp h a te  
D i s t i l l e d  w ater  to  a s k s  
pB was a d ju s te d  w ith  I  .OK ITsOH to  7 . 0

T b s  n u t r ie n t  b r o tb  was p assed  th roug h  V hatnan f i l t e r  p a p e r  J f o . l ,  

and  a u to c la v e d  in  2 0 0  a l  a e d ic ln e  b o t t l e s  f o r  lO  s i n s ,  a t  1 ? 1 °C . 

A f t e r  a u to c la v in g  and o o o lln g  to  roo n  t e a p e r a t u r s ,  t b s  f o l lo w in g

s u p p la n e n ts  w ere added i

HH-1iZKSS 200 «WTH
s t r a i n s t r a i n

a )  C a l f  Serv a 15«0 b 1 lO .O n l
b )  T i t a a l a  107  a lx t u r e 2 .5 n l 2 . 5 * 1
s )  n u t r i e n t  b ro th 8 ? .5 n l 8 7 . 5 * 1

D i f f i c u l t y  was e x p e r ie n c e d  in  a a in t a ln ln g  b o th  s t r a i n s  a x e n l c e l l y .  

Xn r e t r o s p e c t  tb e  ia p o r ta n c s  o f  t b s  r e l a t i v e  p r o p o r t i o n  o f  

L - c y e t e i n e  h y d r o c h lo r id e  and a s o o r b lc  a c id  was n o t  f u l l y  

a p p r e c ia t e d  *•

l . O g  
0 .2 g  
5.0* 
l . O g  
0 .6*  

875 ■!

S in g h ,  Das and X to tta  (1 9 7 3 )  d e a o n s tr a te d  t h a t  t h e  s u c e e s s  o f  
a x e n lc  c u l t iv a t io n  depend s on th e  o x id a t io n - r e d u c t io n  (O -R ) s h i f t ,  
w hlob i s  c o n t r o l l e d  by  th e  a d d it io n  o f  r e d u c in g  a g e n t « ,  L - c v a te in e  
h y d r o c h lo r id e  and a s c o r b ic  a c id .  Tbe a u th o rs  n o t i c e d  t h a t  an 
1 a p ro  van  e a t  in  tb e  f fc w th  and a u l t l p l i o a t l o a  o f  a a o e b a e  ta k e s  
p la c e  l a  a  aed lu n  w ith  a low n e g a t iv e  0 - «  p o t e n t i a l .  A t a h ig h e r  
n e g a t i v e  0-A p o t e n t ia l  th e  aaoebae ten d  to  d ie .  T h e  a u th o r s  
p o in te d  o u t th a t  a s c o r b ic  a c id  can  i n t e r a c t  w ith  c y s t e i n e  c a u s in g  
a s h i f t  i n  th e  0- t  p o t e n t i a l  to  th e  p o s i t iv e  a i d e ,  a n d  th e  
a a o e b a e  th en  d ie  w ith in  3 to  « d aye w ith ou t a u l t l  p i l e  a t l o a . I f  
th e  a a o e b a e  a r e  a a ln ta ln e d  in  an a x e n lc  aed lu a  c o n t a i n i n g  o n lv  
c y s t e i n e ,  th e v  a u l t i p l y  rax i d l y  due to  th e  lo w e r in g  o f  t b e  0-A 
p o t e n t i a l .
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C . 3 IBOCtTLATIOB OF E .  HISTOLYTICA OBTO CELL—L IliE S

I n i t i a l l y  c a l l - l i n e «  w are «Town on a  rou nd  o o v e r s l l p ,  

o r  t h i c k  g l a s s  d i s c  ( 1 . 0  no t h i c k  and 32 an d ia m e te r )  p la c e d  In  

an  a i r t i g h t  f la t - b o t to m e d  e t e r i l e  p l a s t i c  c o n t a in e r  o f  30  n l  

c a p a c i t y  a s  d e s c r ib e d  b y  F n ig h t  e t  a l  ( 1 9 7 ? ) *  L a t e r  i n  th e  p r e s e n t  

s tu d y »  a  r e v is e d  te c h n iq u e  was u s e d . A s n a l l e r  t h in  c o v e r s l i p  

( 9  *  39  ■“ )  o r  a  t h i c k  r e c t a n g u la r  g la s s  ( 7 * 9  t o  8*0  an  x 38  n s )  

a d a p te d  f o r  L e ig h to n  o s l l - o u l t u r i n g  tu b e s  was fou n d  t o  b e  m ore 

e f f i c i e n t  and e o o n o n lc a l .

I n  a l l  e x p e r im e n t s ,  th e  e e l l - l i n e o  w ere a llo w e d  t o  r e a c h  

c o n f l u e n c e .  T h is  to o k  be tw o o n  3 and 9 d a y s . The s u b e o n f lu e n t  

la y e r s  w ere new er u s e d .

C .3 .X  I n o c u la t i o n  o f  w hole amoebae

O nly 3 s t r a i n s  o f  | .  h i s t o l y t i c a  w sre in o c u l a t e d  

on  c e l l - l i n e s |  Ewans s t r a i n  (n o n c x e n le )  and D t—1 iI I 'S S  

and 2 0 0 1F IB  ( a x e n l c ) .  The am oeb ic  medium l a  4 8  t e  7 2  h ou r c u l t u r e s  

was r e p la c e d  w ith  f r e s h - c h i l l e d  n ed lu n  and th e  tu b e s  p la c e d  I n  l e e -  

w a te r  f o r  10  m in u tes and th e n  in v e r te d  s e v e r a l  t im e s  t e  d e ta o h  

th e  am oebae from  th e  g l a s s  w a ll  o f  th e  tu b e s .  T h re e  m ln u tea  

c e n t r i f u g a t i o n  a t  1 9 0 0  rpm l o o s e l y  p e l le t e d  th e  o r g a n is m s . The 

s u p e r n a ta n t  medium was rem oved and th e  i s c e b a e  su sp en d ed  I n  th e  

l a s t  few  d ro p s o f  th e  so dium  b y  g e n t l y  s h a k in g  th e  tu b e .  The 

aam ebae w ere th en  c o u n ted  u s in g  a  haemoc v t o ne t e r . The In o cu lu m  

v a r ie d  from  10*000  t e  4 0 ,0 0 0  t r o p h s a o lte e  p e r  e u ltu r e / L e i# 8ito n  

tu b e .  B e f o r e  ad d in g  th e  am o e b ic  su s p e n s io n  t o  th e  m o n o la y e r , th e  

e e l l - l i n e  c u l t u r e  medium was r in s e d  e f f  u s in g  a f u r t h e r  f r e s h  

s t e r i l e  s u l t u r e  m od iu s. The f l u i d  was a g a in  rem oved and r e p la e e d  

b y  f r e s h  c u l t u r e  sodium  c o n t a i n i n g  rt  serum . The e e l l - l l n e o  w ore 

c o v e re d  w ith  enough l i q u i d  ( 1 . 9  t o  2 . 0  m l) to  a v o id  r a p id  s h i f t
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i n  o z i  d a t i  o n -ré d u c t io n  p o ta n t i  a l  duo t o  c o n ta c t  w ith  a i r .

S p i 1 1 ago down th o  n eck  o f  th o  L e ig h to n  tub o b r ln g in g  v itto  i t  th o  

•uapendod aaoobao vaa  avo ld o d  b y  in c u b a t in e  th o  tu b o s  in  a  s l l g h t l y  

s la n t o d  p o s i t io n  ( 5 °  -  1 0 °  to  ttos h o r i z o n t a l ) .  Tho in o c u l a t io n  

p ro c e d u ra  was p o rfo rn o d  a s s p t i c a l l  y .  A 1 n i  a r r in g a  w ith  a 

(4 0 / 9 »  2 0 0 )  1 1/2 i n a .  n oo d lo  v a s  found to  bo s a t l s f a c t o r y .

Tho p r o p a r a tio n a  v a ro  a l l  ln c u b a te d  a t  37*C  and v a ro  

f l x e d  p e r i o d i c a l l y .  ( F o r  p r é p a r a t io n  o f  ap o eln o n s f o r  l l g b t  and 

o l s e t ron  n lc r o s c o p y  s o s  s o c t lo n  C .4 ) .

o n to  a c o l i - l i n o

Zn v io v  o f  Ju d a to 's  f in d in g o  ( 1 9 6 2 )  th a t  an a n t ih l s t a n l n o  

s u s t  bo p ro s  o nt d u r in e  ln f o o t lo n  o f  a  e s l l - o u l t u r o d  s y s to n  i f  th o  

o o l l s  a ro  to  bo p r o to e t o d ,  p r o n o th a s in s  h y d r o c h lo r id s  vaa  addod 

v it to  th o  la o c u lu a  o f  £ .  h i s t o l r t l c a  tro p h o s o i t o s . r r o n s th a s ln o  

h y d r o c h lo r id s  l s  r o a d i l y  av a l la b i o  c o n a e r c la J ly  a s  T h a n o r g M 1 

( 2 9  n e / n l) »  a s t o r i l o  s o lu t io n  i n  v a to r »  f r o o  f ro n  d is s o lv s d  a i r  

and v it to  s u l ta b la  s t a b i l i s t e #  a g o n ts .

Tho in o c u l a t io n  p ro c ed u ra  u sad  v a s  s i n i  l a r  to  th a t  in  

a o e t i o a  C .3 .1 .»  s x c o p t ttoat th o  c o l i - l i n a  sont la y a r a  v a ro  r in s s d  

tw le o  v itto  TBS» and th o n  in c u b a to d  f o r  1 9  n in o , a t  37°C w ith  f r o s h  

P B S . Tha s a l in a  v a s  ro p la o o d  v it to  s t o r i l o  TTT aed i un c o n t a m i n e  

IO * 4  -  IO - '"* P ren o ti .a s in o  k y d ro c to lo r ld s  and •>% R o rso  Sa r u s .  Tho 

an oo b ao  v a ra  in o e u la to d  o n to  th o  nono l a y a r a .  The p r é p a r a t io n s  

v a r o  In c u b a to i  a t  37*C f o r  2 h o u rs»  a f t a r  vtolrh th a »  v e r a  f lx o d  

v it to  a p p r o p r ia to  f l r a t i v e a  (o s o  a o e t io a  C .4 « 2 ) .  C o n tr o ls  v aro  

p r e p a r a d  l a  th a  sano v ay  s x c o p t t h a t  a a t lb l s t a n i n e  v a s  e n i t t o d .
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C .4  SPECTRE. PREPARATION

« • 4 .1  S p . c l » . c  p r t p T i t l o a  f o r  l l A t t  ■ > c r o .c o 1T

B o th  e o l l - l i n e  c u l tu r e s  and ta o ib a «  p rep ared  f o r  l i g h t  

n lc r o s c o p y  ( h l s t o o h e n l c a l  d e n o n s tr a t io n s )  w ar# o u lt iv a ta d  o n ly  on 

th in  o o w e r s llp s . S to r a g e  « u  in  L e ig h to n  tu b a s ,  f i x a t i o n  l a  

d a a e r lb a d  in  s a c t l o n  C . 4 . I .

C . 4 . 2  Sp o o ln cn  p r e p a r a t io n  f o r  a la c t r o n  n lc r o a c o p y

S p e c ia l  n e th o d a  in  a la o tr o n  n lc r o s c o p ” ,  such  a s  th o s s  

aap lo y ad  in  l o c a l i s a t i o n  o f  a n ir a a s  sad  v i s u a l i s a t i o n  under » c o n n in g  

M icro sco p y a r e  d a t a i l a d  in  s a c t io n s  C .5  and C .6 .

C . 4 . 2 . a  f i x a t i o n

The f i x a t i v e s  used  i s  t h ia  work w are g lu  t a r  a ld eh y d e and 

o s a h n  t a t r c x i d a .  O lu ta ra ld a h y d a , in tr o d u c e d  b y  S a b a t ln l  a t  a l .  

( 1 9 6 3 ) ,  h as been  fou n d  to  be a n o s t  o f f i c i a n t  c r o s a -1  in k in g  ag a n t 

f o r  p r o t e in ,  and i s  s u p e r io r  to  th e  o th e r  a ld e h y d e s , such as 

g l y e o x a l ,  h y d ro x y a d lp a ld e h y d e , c ro to n a ld e h y d e (  p y ru v ic  a ld e h y d e , 

s c a ta ld e h y d e , a c r o l e i n ,  n e th a e r o le in  and fo r n a ld e h y d e . S in c e  th e  

a ld eh y d e does n o t s t a b i l i s e  u n e a tu ra te d  l i p i d s  and p h o a p h o llp ld s , 

p e s t - f i x a t i o n  was c a r r i e d  o u t in  o sn iu n  t e t r o x l d e  so  th a t  th e  

n o t o r ia l  a were n o t  d is s o lv e d  in  th e  d e h y d r a tio n  l i q u id s  and l o s t .

S in c e  i t  i n  n e c e s s a r y  t e  add a b u f f e r  o f  rough ly  

p h y s io lo g ic a l  p i  t o  a l l  f i x e  t i r e s  to  p r e s e n t  w ide ran  gee in  p i  

i n  f l x a t l r e a  and a  p o s s i b l e  a c id ic  w are o f  i n j u r y  a s  th e  f i x a t i o n  

p e u e t r a te e  th e  o o l l ,  eo d iu n  caco d yl a t e ,  th e  n o s t  p o p u lar  b u f f e r  

u sed  in  e le c t r o n  n ic r o s c o p y ,  was u s e d .

A lthough n o s t  a u ln a l t i s s u e s  a r e  f i x e d  n e a r  th e  o p tln u n  

p h y s io lo g ic a l  p i  v a lu e s  o f  7» ?  to  7 *9 »  t i s s u e  c u l tu r e e  ehow g r e a t  

v a r ia t io n  in  th e  p h y s io lo g i c a l  pH, r a n g in g  f r o n  6 .« i to  7 .4  f o r  

e e l  1—l i n e s  and 6 . 3  t o  7 . 0  f o r  th o e e o f  £• h i s t o l y t i c a . B u f f e r s
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■ ic r o e o o p y  w u  u s e d , d epend in g  on th e  n a tu r e  o f  t h e  m a te r ia l  

b e in g  h a n d le d i

a )  ' I n  s i t u '  f i x i n g  and em bedding o f  e e l l - l l n e  

mono l a  re  r s  and S. h i s t o l y t i c a  s t r a i n s  grow ing on t h i c k  g la s s  

o o v e r s l ip s  i n  L s ig h to n  tu b a s .

b )  F i x i n g  and e n b sd d ln g  o f  p a l l e t s  o f  B .  h i s t o l y t i c a  

n o n o x e n ic  s t r a i n s .

C . 4 . 2 . S  ' l l  € i t u ‘ f l a t  y»d aab.eddi.ng

C o l l s  w ars c o n t in u o u s ly  grown on t h i c k  g l a s s  c o r e r s l i p s  * .  

T h e  tu b a s  c o n t a in in g  c a l l - l i n e  s o n o la y a r s  w ith  o r  w ith o u t  am oebae, 

and B . h l s t o l v t l c a  w ars c a r e f u l l y  ta k e n  o u t o f  t h e  i n c u b a t o r .

T h e  n ed lun  was p ip e t t e d  o f f  q u le k ly  b u t c a r e f u l l y  a n d  3< g lu t  o r ­

a l  dehyde i n  0 . 066M ca co d y l a t e  b u f f e r  (pH 6 .8 )  « a r s e d  t o  37°C  was 

g e n t l y  added b y  p i p e t t i n g  s lo w ly  o n to  th e  s id e  o f  t h e  L e ig h to n  

t u b e s .  U s u a l ly  t h i s  r e a g e n t i s  u sed  a t  4°C b u t h ig h  t e s p e r a t u r e  

f i x a t i o n  e n h a n c e s  th e  sp eed  o f  th e  c h e a l c a l  r e a c t i o n  be tw een  

f i x a t i v e  and o e l l  com ponent«. I n  d o in g  so  th e  c h a n c e  o f  s h r in k a g e  

o f  th e  a ao eb ae  was n ln l a l s e d  and e x t e r n a l  s t r u o t u r a l  f e a t u r e s  

w ere  p r e e e r r e d .

F i x a t i v e  was f i r s t  s a in t a ln e d  a t  37°C f o r  1 5  m in u te s .

*T h e  s a in  d i f f i c u l t y  in  th e  ' l n - e l t u '  f i x a t i o n  an d  em bedd ing o f  
i n - v i t r o  c u l tu r e d  c e l l s  on g la s s  o o v e r s l lp s  f o r  e l e c t r o n  m icro sco p y  
l e  th e  s e p a r a t io n  o f  o e l l e  a f t e r  en b ed d ln g  and p o l v s e r i  s a t lo n  o f  
t h e  r e s i n .  T a r lo u s  a u th o rs  h ave a tte m p te d  to  r e p l a c e  t h e  g la s s  
c o v e r s l i p  b y  a l t e r n a t i v e  m a t e r ia l s  e . g .  p o ly s t y r e n e  ( R i c h t e r s  and 
T a l a n t i n ,  1 9 7 3 »  » « I s o n  and F la x m a n , 1972»  B r i n k l e y  e t  a l . ,  1 9 6 7 )»  
T e f lo n  (S w i jk  and B o e l i ,  1 9 7 5 s ) » Teflon-FTST f i lm  (*7 w ljk  and H o s l l , 
1 9 7 5 b ) .  O th e rs  h av e a ttem p ted  to  p r e c o a t  th e  g l a s s  o o v e r s l l p  w ith  
a  c h e m ic a l to  a llo w  e a s y  s e p a r a t io n  o f  th e  r e s in  a f t e r  p o ly m e r is a t io n  
e . g .  F o r e v e r  ( B u c k le y  and P o r t e r ,  1 9 7 5 )»  s i l i o o n e  ( R o s e n ,  1 9 6 2 )»  
c a r b o n  (R o b b in s  and O o n ataa , 1 9 6 4 )  o r  o o lla g e n  g e l  ( H e y n e r , 1 9 6 3 ) .
I n  t h ie  s tu d y , due to  th e  n a tu r e  o f  th e  e x p e r im e n t s , s u c h  p r e c o a te d  
g l a s s  c o v e r s l i p a  and a l t e r n a t i v e  s u b s t r a t e s  w ere a v o id e d .  The 
r e a s o n  f a r  t h i s  i s  t h a t  th e s e  te c h n iq u e s  i n v r i a b l v  g i v e  a ty p ic a l  
gro w th  p a t t e r n s ,  a s  s t r e s s e d  b y  M oore ( 1 9 7 5 )*
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and « u  th a n  c o a p le te d  a t  ro o »  ta n p e r a tu r e  ( 2 2 -2 5 ° C )  f o r  30 

■ in u t a a .  P «11 o»1b (  f i z a t l o n ,  th a  a lid a «  v a ra  removed f ro a  th è  tu b a « , 

and ona an d  o f  th a  gl a aa  m arked w ith  a  d iaao nd  pan .  They v ara  tb a a  

p la c a d  in d i  v i  d u a li .r  i n t o  f la t - b o t t o a a d  2 a l  p l a a t i c  tu b a « , w ith  

p iu « —c a p a , f i l i a d  w itb  b u f f a r  a o lu t io a  (0 —4 ° C ) # 0 .066H  o a c o d y la ta  

b u f f a r  pB 6 . 8 .  Proa  t h i a  « u b l n g  a ta g e  to  th a  d aby A ration  a t a gm, 

th a  tu b a «  w ith  th a  a a a p la a  w ara k ap t e e ld  i a  a  e r u a h a d -lc a  b a th .  

U n a in g  w ith  e ae o d .v la ta  b u f f a r  to  raaov a  a x c a a a  « lu t a r ald abad a waa 

ra p a a ta d  tw ica|  aaefa a ta p  to o k  19  a in u ta a . Tha a l id a «  wara tb a a  

l a f t  i n  b u f f a r  f o r  a  f u r t h a r  two h o u ra . S p a c ia a n a  wara f u r t h a r  

f iz a d  w ith  1% o aa lu a  t a t r o z l d a  i a  0.066M  e a o o d r la t a  b u f f a r  a t  0°C  

f o r  30 t o  4 9  a in u ta a . Th a a a t a r i a l  waa p o e t - f i z a d  a t  0®C to  

p rav an t o a a lu a  r e a o v ln d  i n t r a c a l l u ia r  a a t a r i a l  w hicb bappaaa a t  

ro o a  t a u p ara  tu r o . P o l lo w lrtg p o a t - f lx a t io n ,  th a  a l id a «  wara 

th o r o u g h lr  r in a a d  w ith  b u f f a r  a e r e r a i  t i a a a  t o  raaoww axcaaa 

o a a lu a . Tha a p ac iaan a  w ara th en  l a f t  o r a r a lg b t  i a  c a c o d v la te  

b u f f a r  a t  4 ° C .  Tha f o l lo w l n g  d a r ,  th e y  wara tak an  out o f  th a  

tubaa and p la o a d  in to  a  a a a l l  c o n ta in e r  c o n ta lr .tn g  3Oi a a th a n o l.

A f te r  9 a i n u t a a ,  th a  a o l r a n t  waa raaawad w ith  f r a a b  ÒO% a a th a n o l .

A f ta r  a f u r t h a r  9 a in u t a a ,  th a  a lc o h o l waa p lp o tto d  o f f  and 

ro p la co d  w ith  0 .2 9 <  u r a n j l  « c a t a t o  d la a o lv e d  l a  30< a a th a n o l. Tha 

a l id a «  w ara th u a  e ta in o d  f o r  30 a in u ta a ,  a f t a r  w bleh th a  ap a c ia a n a  

wara d eh .rd ra ted  f u r t h a r  t h r o u ^ i a a r i a l  d l lu t le n a  o f  a a th a n o l |

6CK, T 0< , 901, 100< and ÌO O * -  ««eh a ta p  ta k ln g  9 a in u ta a .

Tha n a z t a t a d « ,  t h t  o f  eab ed d in g , « a r ia d  « « c o r d in e  to  

th a  a u b ad d in e  a l  « tu r a  uà ad .

•achí

V a l u t a  a a b e d d ln £  .

a )  S l id e «  w ara p aaaad  throu«h ta lu a n a  tw iea  (9  a in u ta a
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f o r  5 a i n u t e s .  Th ey w ore th e n  in v e r te d  s e v e r a l  t i n e s  t o  d e ta c h  

th e  am oebae fro m  th e  g l a s s .  T h re e  n in u te s  c e n t r i f u g a t io n  a t  

15 0 0  r p a  f o l lo w e d  l o o s e l y  p e l l e t i n g  th e  am oebae, w hich  w ere th e n  

f ix e d  w ith  y% g lu  t a r  a ld e h y d e  i n  0 .0 6 6 k  c a c o d y la te  b u f f e r  (pH 6 . 8 )  

f o r  4 5  n in u t e s  a t  4 ° C . E x c e s s  g lu ta r a ld e h y d e  was rem oved b y  

r e p e a te d  w a s h in g s  w ith  t h e  c a c o d y la te  b u f f e r .  As th e  t r o p h o s o i t e s  

w ere n o t e a s i l y  a g g lu t in a t e d  b y  th e  f i x a t i v e ,  i t  was n e c e s s a r y  to  

p r e -e n b e d  t h e  an oebae i n  2% D if c o  Nobel Agar ( Gowana,  1 9 7 3 ) «  The 

a g a r  b l o c k s  w ere p o s t - f i x e d  f o r  1 h o u r w ith  1^ o en lu n  t e t r o x id e  

w ith  0 .O 6 6 k  c a c o d y la te  b u f f e r .

S t e p s  f o r  s u b s e q u e n t  w a sh in g , d e h y d ra tio n  and em bedding 

w ere p e r fo rm e d  i n  th e  saaie way a s  f o r  ' i n  s i t u '  em bedding e x c e p t  

f o r  th e  f i n a l  s t a g e  f o r  w h ich  a  B een  C apsule was u s e d .

C . 4 . 2 . «  S e c t io n i n g  and o b s e r v a t io n

T T ltr a th in  s e c t i o n s  w ere c u t  on a R e lc h a r t  ~¥02 m icro tom e 

and o o l l e c t e d  on u n e o a te d  S n e th u r s t  Hew 200  oopp er g r id s  ( J .O  -  

3 .0 5  an  d ia m e te r )  and o o a te d  1 5 0  g r id s  ( O r a t i e u le s  L t d . ) .  S e c t io n s  

w ere f u r t h e r  s t a in e d  w ith  l e a d  o l t r a t e  (R e y n o ld s , 19 6 3 1  T e n a b le  

and C o g g e s h a l l ,  1 9 6 5 )  and ex am in ed  u s in g  W  801  (A S l)  and Ek 9 AS 

( Z e i s s ) .  I l f o r d  f i l n ,  S F 3 3 2 ,  an  E le e tr o n  M lcro soo p e f i l s  w ith  a 

p o ly e s t e r  b a s e  was u s e d  f o r  p h o to g ra p h ic  r e c o r d in g .

C .4 . ? .h  fo r m u la e  

B u f f e r s  t

n )  r fcoe j.h -.to  b u f f e r  . 

s to c k  s o l u t i o n s  A i 0 . 2*  -  H alf P04 .  2H?0

1 5 . 6 ^ 5 0 0  n l  o f  d i s t i l l e d  w a ter  (T)H) 
s t a b l e  f o r  a week o r  more i f  k e p t in  

r e f r i g e r a t o r

0 . »  -  Ha HP04 .  IOTj O

J 5 - 8 g / 5 0 0  n l  o f  Wf
( o r  0 . 2 *  Ha2HP04 -  1 4 .2 g / 5 0 0  n l  o f  T>H)

B I
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O .m  P h o sp h ate  b u f f e r  <

pH 7 .4

S o lu t io n  A S o lu t io n  B

1 9 * 0  nl 8 1 .0  n l 100 nl

DB

pH 7 .0 » . 0 « 1 .0 10O

pH 6 .8 5 1 .0 4 9 .0 100

b )  C a c o d y la te  b u f f  o r  i ( S a b a t ln l  o t  a l . ,  19 6 3 )

S to c k  s o lu t io n  A 0 . 2*  c a co d y l *»te bu f o r
2 1 .4 € so d iu a  c s o o d y la to / 5 0 0  n l  T)V

O .O jg t  c a c o d y la te  b u ffo y  » S o lu t io n  A

A d ju st pH w ith  o l th o r  IM HC1 o r  I *  HaOH

H lx a t i  tos 1 Al dob yrlo f i x a t i v e s  a r e  u n s ta b le  and sh o u ld  bo  n ad s up 

f r e s h .  G lu ta x a ld eh y d e  i s  a v a i l a b le  a s  25)t s to c k  s o l u t i o n ,  w hich

•) X  f o i l  i n  0 . 0 6 0 1  . « c o d r l . t .  t u f f . r  ■

0 . 2 *  c a c o d y l a t e  b u f f e r  (S to o k  s o lu t io n  A) 3 3 .0  a l  
25* OA 1 2 . 0  nl
A d ju st pH w ith  X* HC1,  th e n  d i lu t e  to  1 00  a l s  w ith  DB 

b )  ^ u t a r ^ d e h jr d e  )n  0 . 1 *  g h o e jh a .to  b u f f e r  «

Add 12  n l  o f  2 5 % OA to  e v e ry  5 0  a l  o f  s o lu t io n s  A and B

(p h o s p h a te  b u f f e r ,  0 . 2 * ) .  A d ju st pH w ith  e i t h e r  TK KC1 or 

X * BaOH, th e n  d i lu t e  t o  1 00  n l  w ith  DB.

• )  it f o r . r i J . t r t .  1.  O.UP b u f f . .  ■

Add 10  a l  o f  4&t f o r e s ]  dehyde t o  e v e ry  50 n l  o f  s o l u t i o n s  

A and B (p h o sp h a te  b u f f e r s  0 .2 H ) .  A d ju st pH w ith  e i t h e r  X *  BC1  o r  

X *  BaOH, th e n  d i lu t e  to  1 00  n l  w ith  DV.

i s  s t o r e d  a t  4°C  to  p r e v e n t d e c o n p o s lt io n .

*>  i t  1.  f .  O .O ff«  c c o a ^ t .  b u f f e r  t

40< f o r a  a ld eh y d e 10.0 a l
0 . 2 *  e a c o d y la te  b u f f e r  ( s t o c k  s o lu t io n  A) 3 3 .0  a l  
A d ju st pH, th e n  d i lu t e  to  1 0 0  n l  w ith  DB.

1 0 . 0  n l
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R e a in  and h a rd a n era  a r a  n ix e d  w a ll  and d isp en sed  in  

1 0  a l  q u a n t l t l a a  in  a a a l l  c o n t a in e r s .  S t o r e  i n  deep f r e e s #  (~ 2 0 °C ). 

B e f o r e  u s e ,  add th e  a c c e l e r a t o r .  M ix w e ll  and th e n  d eg as .

C .5  SPECIKESi PREPARATION FOR SCANNING ELECTRON MICROSCOPY

F o r  a te r e o a o a n  o b s e r v a t io n » ,  th e  RJT13 c e l l - l i n e  and 

tr o p h o s o l t e a  w ere «rovn on t h in  g l u a  c o w e ra lip a  and o u t down to  

( 9  x  1 0  t o  1 3  a a )  i n  L e ig h to n  tu b e a .  The a te r e o a c a n  specim en 

a tu b  w i l l  o n l y  h o ld  n a t e r i a l a  u n d er 13  an  d ia m e te r . The Entam oeba 

h i s t o l y t i c a  s t r a i n  was see d e d  o n to  th e  c e l l - l i n e  i n  th e  u su a l 

B a n n e r . Th e e e l l s  w ere th en  r in s e d  w ith  P B S , pH 7.2 a t  37#C to  

g e t  r i d  o f  o e l l  d e b r is  w hich ml«$it h in d e r  a t e r e o s c a n  o b s e r v a t io n s .

The sam p les  w ere f ix e d  w ith  i i  g lu ta r a ld e h .rd e  i n  0 .066N  

ca co d y l a t e  b u f f e r  a t  pH 6 .8 *  In  th e  en s u in g  30 a in u te a  th e y  

w ere r in s e d  tw ic e  w ith  0 .0 6 6 K  e a c o d y la te  b u f f e r  pH 6 . 8 ,  and th en  

p o a t f ix e d  i n  1% osmium in  0 .0 6 6 *  c a c o d y la te  b u f f e r  f o r  30 m in u te s .

Two r i n s e s  i n  b u f f e r  s o l u t i o n ,  e a c h  f o r  30 m in u tes  w ere fo llo w e d  

b y  d e h y d r a tio n  w ith  a c e to n e  o f  in c r e a s i n g  c o n c e n t r a t io n  from  30< 

th ro u g h  6 0  ,  7 0  ,  9 0  and lOOlC. Each  s t a g e  to o k  10  m in u te s . The 

sam p les w ere th e n  t r a n s f e r r e d  in t o  l i q u i d  C0?  i n  a P o la ro n  

c r i t i c a l - p o i n t  a p p a r a tu s . A f t e r  f r e e s e - d r y in g ,  th e  c o v e r s l l p o  were 

mounted o n to  sp ecim en  s tu b s  b y  a s i l v e r  c o n d u c tin g  c e m e n t, and 

s e a te d  w ith  g o ld  ( 4 0 0 - 4 * 0  2  t h i c k )  u s in g  a  g o ld  d io d e  s p l u t t e r  

o o a te r  ( P o la r o n  Equipm ent L t d . ) .  The specim en s w ere exam ined in  

th e  C am bridge In s t ru m e n ts  C o. S te r e o s e a n  m icro s co p e  o p e r a t in g  a t  

20  k v . The t i l t i n g  s ta g e  was u s u a l ly  m a in ta in e d  a t  4 5 ° .

I n i t i a l l y  e e l l  c u l t u r e s  grown on g l a s s  o o v e r s l lp s  showed 

d is p r o p o r t io n a te  c r a c k s  a lo n g  c e l l - j u n c t i o n s  i n  some a r e a s  o f  th e  

m o n o la y e rs . As su ch  ap p earan ce  was not see n  in  T 9  p r e p a r a t io n s ,  

th e s e  c r a c k s  w ere  th e r e f o r e  n o t  due t o  th e  p r o c e s s in g  d u r in g
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As in  a l l  h lo to o b o a lc a l  i n v e s t l s * t i o n  ( ad equate c o n t r o l *

v * r *  usod to  r « o r *  th o  p o s s i b i l i t y  o f  a r t s f a c t . O sls a lo n  o f  

s u b s t r a te  from  tb s  in c u b a t in g  s s d iu a  v s *  r e g a r d e d  a s  a s a t i s f a c t o r y  

o o n tr o l • Any w iv a e  a c t i v i t y  o bserv ed  i n  c o n t r o l  s e c t io n s  was 

regard ed  a s  a  f a l s a  r e s u l t .  L iv e r  and k id n e y  c r y o s t a t  s e c t io n *  *  

w ith  known onsy nes p ro v id ed  a f u r t h e r  o o n t r o l ,  a *  f a i l u r e  to  

d s te o t  r e a c t io n  p rod u ct in d ic a te d  f a u l t y  t e c h n i q u e .  Tbs in c l u s io n  

o f  s p e c i f i c  en syn s in h i b i t o r s  can  a ls o  b e  u s e d  a *  a  c o n tro l  

n o a s u r e . In  t h i s  s tu d y , o n ly  o u a b a in , w hich i n h i b i t s  H a*, and K* 

a c t iv e  t r a n s p o r t ,  ban been  u s e d .

S t r i c t  a t t e n t io n  was p a id  to  th e  f o l l o w i n g  p o in ts  t

a )  The s a n p le s  w ere prew asbed w ith  P B S ,  pH 7 .2  (3 7 °C ) 

f o r  a few seco n d s  b e fo r e  f i x a t i o n  to  ren o v e  s e r u s  w hich irl«d>t 

g iv e  f a l s e  en syn e l o c a l i s a t i o n .

b )  F i x a t io n  was c a r r ie d  out a t  0  t o  4 ° C .

* )  Tho s a n p le s  w ere l o f t  in  b u f f e r  a f t e r  f ix a t i o n  f o r  

a  n ln lnu n  p e r io d  o f  1 1/2 to  2 h ou rs b e fo r e  I n c u b a t i n g  in  o rd e r  to  

reno ve f r e e  f i x a t i v e  w hich n ig h t  i n h i b i t  s u b s t r a t n - e n s v n o  r e a c t io n .

d ) Tho pH o f  th o  in c u b a t io n  n ed lu n  w as c o r r e c t e d .

e )  The in c u b a t io n  n ed iun  was f i l t e r e d  b e f o r e  u s e .

f )  d l l  s a n p lo s ,  u n le s s  o th e rw is e  s t a t e d ,  a f t e r  

in c u b a tio n  and s u b se q u sn t w ash in g  wore o o u n te r s tn ln o d  w ith  ?< 

n e th y l green  (s h lo r o f o r n  e x t r a c t e d ) .  M ethyl g r e e n  s ta in e d  n u c le i  

g re e n .

A ll  th e  e s s e n t i a l  d e t a i l s  i . e .  ty p e  o f  f i x a t i v e ,  

f i x a t l o a  p e r io d , ln c u b n t lo a  p e r io d ,  t e n p e r a tu r *  o f  In c u b a t io n ,  

o o le u r  o f  th e  r e a c t io n  p r o d u c t, w ashin g b u f f e r ,  e t c .  a r c  reco rd ed  

In  T a b le  T .

" ^ C ry o s ta t  s e c t io n s  from so u s e  l l v o r  and S id n e y  w e r e  k in d lv  
su] p ile d  by  Dr J a r r e t t ,  H is to lo g ic a l  L a b o r a to r y ,  U n iv e r s i t y  
C o lle g e  H o s p i ta l ,  London
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•) Washed In  ta p w a ter  

f )  Mounted in  g l y c e r in  J e l l y .
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1 1 )  — «to d

The a u b e t itu te d  n a p h th o le  e a t e r «  e r e  h y d ro ly sed  r a p id ly

b y  a c id  phoaphatane y i e ld i n g  « x t r e a e l y  in s o lu b le  n ap h th o l 

d e r l  T a t i  r e e , which a re  then nade t o  r e s o t  w ith a i l  a  eon lu s  s a l t  

t o  produce an in s o lu b le  aso  dye a t  t h e  s i t e s  o f  en sy e e  a c t i v i t y .  

P a r a r o s a n l 1 in  h y d ro c h lo r id e  as a d ls s o n iu n  e a l t  reco sn en d e d  by 

B a n c r o f t  ( 1 9 6 7 )  was used as i t  « i r e s  a  sh a rp  l o c a l i s a t i o n  o f  

en sy n e .

( I t  l a  ln p o rta n t t h a t  s o l u t i o n  3 1 *  aad e f r e s h )  

4 )  7 s r a r o s a r l 11n -  HC1 s t o c k  i

B ea t g e n t ly  to  6 0 °C ,  th o n  o o o l to  room 
te o p e r a tu r e  and f i l t e r

5 )  D i s t i l l e d  w ater 

iBSiiPxunâ »»tbod

B s n e r e r t  s t r e s e e d  t h a t i

t )  i t  i s  n e c e s s a ry  f a r  th e  o u c o e s s  o f  th e  te c h n iq u e

t h a t  eq u al p a r te  o f  s o lu t io n s  3 and 4  a r e  n ix ed  to g e th e r  and 

a li e n e d  to  e ta n d  f o r  two s i  nut#« b e f o r e  b e in g  added to  th e  

in c u b a t in g  n ed lu n f

■SJl 2 f .•¿S.?}'. S2. 
. AS- Phosp hate a r k a , I9 6 0 a s  c i t e d

1 )  S u b s tr a te  s o lu t io n  t
Naphthol AS-81 p h o s p h a te  
(  S o i l  u s s a l t .  S i f f > -  B o . 1 -2 2 ^ 0 )  
D la e th y l fo n e n n id e

50 mg

5 n l

2 )  V eronal a c e ta te  b u f f e r  0 .2 M

3) Sodiun n i t r i t e  
D i s t i l l e d  w ater

400 ng
10 si

P a ra ro e a n l l i a  h y d r o c h l o r t de 2 f
50 S i2W MCI

an d  s t a in in g *  th e  s a n p le s  a re



d eh yd rated  r a p id ly  th ro u g h  f r a  ah a lc o h o ls  to  x y le n e  and Mounted 

i n  Canada b a l s a s .

C .6 .2 .b  N o n - s p e c i f ic  a a te r a a a
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3 a e th o d s  w are uaad i X ) ot -  n ap h th y l a c e t a t e  Method 
(D a r ia  and O r n a te la  ( 1 9 5 9 )  *• c i t e d  b y  B a n c r o f t  ( 1 9 6 7 )  )

I r e p a r a t i on o f  s t o c k s o lu t io n s

1 )  S u b s t r a t e  s o lu t io n  (
«  -n a p h th y l a c e t a t e  90  ag
(3 1  » a  ilo. J f -6 7 5 0 )
▲ estone 9  a l

2 )  0 . 2 V p h o sp h ate  b u f f e r

3 )  4% s o d i u s  n i t r i t e

4 )  r a r a r o e a n i l in - B C l  s to c k  s o lu t io n  ( s e e  p r e v io u s  page)

5 )  D i s t i l l e d  w a ter .

r X * £ .V » Ì^ 0I l- 2 f .  in c u b a t in g  s o lu t io n

S o lu t io n  1 0 .2 5  s i  
7 .2 5  *1
0  u , 0 . 4  Ml o f  s o lu t io n s  3 and 4 are

n ix e d  b e fo r e  ad d in g  t o  in c u b a tin g  
s o lu t io n

pH « 6 . 9  w ith  0 . 2 *  p h o sp h ate  b u f f a r  ( s o l u t i o n  2 )

As f o r  Amo—dye c o u p lin g  Method (A eid  p h o s p h a ta s e  n ee  p . 5 2 )

XX ) Xndoxyl M ethods i 1 1 ( a )  In d lg o g e n le  in io x y l  n e th o d  o r  n a ta l
n a ta l.m a d  o x id a t io n  n eth o d  ( H o l t ,  1954)

The s u b s t r a t e  used  i s  5 -  I r o n o  -  4  -  e h lo r e  in d o x r l  

s o s t a t a ,  which i s  h y d r o ly s e d  by  e s t e r a s e  to  prod uce 5 -  P ro n o  -  4 -  

o h le r o  in d o x y l,  a  S o lu b l e  p ro d u c t. The in d o x y l i s  o x id is e d  b y  th e 

p o ta s s iu n  f e r r i cy an 1  d e t o  an in s o l u b le  in d i# »  d y e .
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P r a g a r a t io n  o f  in c u b a t i n e  a o lu t i o a

S—P r o B o -4 —c i . lo r o  in d o x y l a c a t a t *  1 . 5  a g
( S i f f *  * o .  B—4 9 7 7 )
B th a n o l 0 . 1  a l
T r i »  B u f f a r  (0 .2 M ) pH 7 . 2  2 .0  a l
P o t u s l u a  f ¡ r r i c.r e ñ id a  17  mg
P o ta a a lu a  f a r r o c y a n ld a  21 a g
C a lc iu a  c h lo r ld a
M a i l  l i a d  v a t a r  a ak a  up t o  10  a l

Tha au b at r a t a  l a  d la a o lv a d  I n  tb a  e th & n o l , and tb a  b u f f a r  

tb a n  a d ia d .  Tba r a a a ln i n g  a b a n íc a l a  a r a  d la a o lv a d  i n  d l a t i l l a d  

v a t a r  autd tb a  a o lu t i o n  a lx a d .

I n c u b a t in g  a a tb o d

a )  Aa f o r  A so-d ye c o u ] l l n g  a a tb o d  ( p .  5 2 )

b )  A e a e o d v la ta  b u f f a r  l a  a u b a t l tu ta d  f o r  T r ia  
B u f f a r ,  0 . 1 » ,  pH 7 . 2

e )  Tba a a a p lo a  a r a  o o u a ta r a ta ln a d  In  M a y o r 'a C aro a lu a  
f o r  5 a ln u to a  to  a t a l n  t b a  n u e lo l  r a d .

X l ( b )  In d o *v i» a o  a a tb o d  ( D a b a l l l a  and P l a b a a n ,  1 9 6 5 )  

P r o m o t i o n  o f  tn c u b a t¿ n g  a a ^ u a

S o lu t io n  1 5 —B ra n o - 4 - e h lo r o  In d o x y l a a a t a t o  1 . 0  mg
S th a n o l 0 .1  a l
T r ia -H C I b u f f a r  pH 7 . 4  5 * 0  a l
D l a t i l l a d  v a t a r  4 .7 5  «1

Tba a u b a t r a t a  l a  d la a o lv a d  In  a t b a n o l  b a f o r a  a d d in g  t b a  b u f f a r  and 
v a t a r .

S o lu t io n  2  P a r a r o a a n lU n  -  MCI o to e k  a o lu t io n  0 .1 2 5  a l
4 *  nod i un n i t r i t a

Tba two a o lu t i o n a  a r a  a lx a d  and a l l a v a d  t o  a tan d  f a r  1 a ln u ta  
b a f a r a  a d d in g  t o  a o lu t i o n  1 .

F i n a l l y ,  2 2  a g  C aC l? l a  addad and th a  pg a d ju a ta d  b y  a d d in g  0 .1 »  

MaOR to  6 .1  t o  d a ta e t  ly a o a o a a l n o a - a p a c l f l o  a a t a r a a a ,  althou^dt 

a a a a  a y t o p l a a a ie  a c t i v i t y  n ay  ba p r a a a n t .

I n c u b a t in g  a a tb o d

Aa f o r  Aao-dyu c o u p lin g  a a tb o d  ( p .5 2 )



¿xi è
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Two ta c im iq u * «  a r a  u sad  I n  l o e a t i n g  a r r i  c u lp h a ta a a  i 

I  S ln u lta n a o u a  c o u p l in g  n a th o d  ( B a n c r o f t ,  1 9 6 7 ,  p .2 4 ? - 2 4 3 )  

P r s p a r a t i on o f  s to c k  a o lu t l o n a

1 )  S u b s t r a t a  s o lu t io n  t
H ap hth o l À S-B1 a u l p b a t a  2 0  ng
( K o n o ^ o taaa iu n  a a l t ,  S l^ n a H o . J» -23 7 5 )
So d iu n  e h lo r i d a  8 . 0  n i

2) 0.2* a c a t a t a  b u f f a r

3 )  A% n od iu n  n i t r i t a

4 )  F a r a r o a a n i l ln -H C l s to c k  s o l u t i o n  ( s a a  p .  5 2  )

TFSSX.M Ì 9n o f  ln o u b a t jl ji^  s o l u t i o n

S o lu t i o n  1 8 a l
■ 2  2 n i
-  3

0 . 6  a l
0 . 3  n i  o f  s o lu t io n s  3 and 4 a ra  
n ix a d  and l a f t  s ta n d in g  f o r  1 
n i n u t s  ha f o r a  ad d in g to  
i n c u b a t i n g  s o lu t io n

MaCl ( 2 6 0  n g) i s  th an  addad
pH -  6  i o  7 .

In c u b a t in g  n a th o d

Am f o r  Aso-dpw c o u p lin g  n a th o d  ( s a a  p .  5 ?  )•

I I  L n s 4 - n l t r o c a t a c h o l  s u l r h a t a  r - th o d  (H o,su-H avu a t  a l . ,
1>7»)

P r e p a r a t io n  o f  In c u b a t in g  s o l u t i o n

r- n l t r o c a t a c h o l  s u lp h a ts  1 6 0  n g
S> « sa  I s .  » -7 2 5 1  )

D ia t l  H a d  o s t a r  4  n i
Ih  s o s t a t a  b u f f a r ,  pH 5 * 5  1 2  n i

la a d  n i t r i t a  4  n i
-  5 - 5

s u b s t r a t a  i s  d is s o lv e d  i n  u n t a r  b s f s r a  a d d in g  t h s  

b u f f a r .  Tha pH i s  a d ju s te d  b a f a r a  a d d in g  la n d  a l t r a t a ,  w hioh  i s

addad d ropw iaa uh i l a  s t i r r i n g  c o n t in u o u s ly «



In c u b a t in g  M ethod

a )  As for  O o a o r l le a d  te c h n iq u e  ( ••• p .  51 )

b )  E c f o r a  I n c u b a t io n ,  tb a  a l i d e a  a r a  th o r o u g h ly  r ln a a d

i n  0 .1 K  a c e t a t o  b u f f a r ,  pH 5 «5* I t  h ae  boon shown t h a t  e a c o d y la te  

Io n a  I n h i b i t  th e  en sy n e  (Hopsu-Haru a t  a l . ,  1 9 6 7 ) .

C .6 .2 .d  M -g lu c u r o n l la a a

S ia u lta n a o u a  c o u p l in g  method (H a y a s h i,  19 6 4 ) 

r w t r a t l o n  o f  a to c k  s o lu t io n s  

l )  S u b s t r a ta  s o l u t i o n  1

The s u b s t r a t o  l a  d isso lw e d  In  s o d lu a  b ic a r b o n a to  b e fo re  
ad d in g  b u f f a r

2 )  d £  s o d lu a  n i t r i t a

J )  P a r  a ro  n ani U n —HC1 s to ck  s o lu t io n  ( s a a  p .  5 ?  )

4 )  D ia t i  l l a d  w a te r  

P r t f y a t i o n  9 f  I n c u b a t in e  s s d iu a  

S o lu t io n  1 IO  a l

jn y u b a j l n i  s a th o d

a )  As f o r  A ao -d y e c o u p lin g  s e t  hod ( s a a  p .  5 2  )

b )  Form ald ehyd e l a  used  a s  a f i x a t i v e .  O th e rs  h a r e

g lu ta r a ld e h y d s  (B ow en , 1 9 7 1 ,  1973»  L iv in g s to n  a t  a l . ,  1 9 6 9 )  bu t 

i t  was fou nd  t h a t  o e a t r o l  s o u s e  H e a r  s e c t io n s  f in e d  w ith  3< 

g lu ta r a ld e h y d e  raw aa lad  th e  r e a c t io n  p ro d u c ts  w ary f a i n t l y  a f t e r  

3 h o u rs  o f  in c u b a t io n  a t  3 7 ° C . On th e  o th e r  h an d , s e c t i o n s  f ix e d

0 .1 H  a c e t a t e  b u f f e r ,  pt? r .0 2 5 .0  ml

2 0 .3  a l  o f  s o lu t io n s  2  and 3 a re
n ix ed  and l e f t  s ta n d in g  f o r  
1 m inute b e fo r e  ad d in g  t o  
I n c u b a t in g  s o lu t io n

I n  t i s s u e  f i x e d  w ith

in  4<  f o r n a i dehyde gawe a  v e r y  In te n s e  s t a i n i n g .  I t  n ay  b e  th a t
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>8-g lu c u r o n id a s e  i s  s i & i l f i c a n t l y  in h i b i t e d  by  g lu ta r a ld o h v d e .

o )  F 'h osp h sts  b u f f e r  i s  u sed  th ro u g ho u t a s  c s c o d y ls t s  

b u f f e r  I n h i b i t s  f i  — g lu c u ro n id a s e  a c t i v i t y  (Bow en, 1 9 7 1 )«

C .6 .2 . e  ^ - g a la c t o e i d a e e

A p o s t —c o u p lin g  a s o -d y e  m ethod i s  p r e f e r r e d  to  s  

s im u ltan eo u s  c o u p lin g  te c h n iq u e  a s  d isso n iu m  s a l t s  c o m p le te ly  

i n h i b i t  eniym e a c t i v i t y  ( P e a r s e ,  1 9 7 2 ) .

P f r y a M f - a  at  ip c u b a tin &

6-B ro m o -2 -*» a p h th y l- l̂  -D -g * ls c to p y r a n o s i  de
(Sigm a No. B -7 6 2 7 )  1 0 0  mg 
M eth anol 1 .5  »1 
R o t d i s t i l l e d  w a ter  ( 7 0  C) 2 0 0  ml 
P h o s p h a t e - c i t r a t e  b u f f e r  pH 4 .9 5  85  ml

The s u b s t r a t o  l s  d is s o lv e d  l n  m eth a n o l,  and b o t d i s t i l l e d  

w a te r  la  th en  added to  th e  d is s o lv e d  e u b s t r e t e .  On c o o l in g ,  

p h o s p h a te - c l t r a t e  b u f f s r  i s  added w ltb  a f u r t h e r  100 mi o f  d i ot i l l a d  

w a te r . (The s o lu t lo n  i s  a t a b l e  f o r  6 monthe a t  4 ° C ) .

I» ? u b a t jt f l£  method

s )  In o u b a te d  a t  37°C f o r  1 2 - 1 5  houra

b )  A f te r  ln o u b a t lo n , t r a n s f e r  th e  e l id e s  t o  a f r e s h l y  

p rep a ra d  s o lu t lo n  o f  P a a t  B lu e  B s a l t  ( S ié p a  No. D -3502 ) ,  1 mg/ml 

s t  4 °C , pR 7 * 4  “  7 « 8 ,  w ith  g e n t le  a g l t a t i o n  f o r  3 to  5 m in u te s .

0 )  Sem plee s r e  th en  washed 3 tlm ea  ln  o o ld  w a ter  and 

n ou n tad  in  g l y c e r in  j e l l y .

c.t.t.r. o—mi i...
S in u lta n e o u s  c o u p lln g  m ethod ( R s y a s h i ,  19 6 5 )

S í >\99* e o lu t to p e

1 )  S u b s t r a to  s o lu t lo n t
N sph th ol A 3-F1 -IT -A cet r l -  P  - B -g lu s o s a a ln l  de 
(S ig n a  No. N -3 8 7 8 ) 3 mi
B th y le n e  g) - c o l  n o n o e th y l e th e r  0 .*> mi

2 )  C.1M c i t r a t e  b u f f s r  (pV 5 .2 )

3) P a r a r o a a n illn -H C l s o lu t lo n  ( s e a  p .  52  )



4 )  4<  Sodiu» n i t r i t e

9 )  D i s t i l l e d  w ater

E S a ^ P t t . 0 "  o f  in cu b  « .tin g  s o lu t io n
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S o lu t io n  1

5
5 . *

0 .6

F i n a l  w oluae o f  10

0 . 3  »1 o f  a c lu t io n s  3 and 4 a r e  
a lz e d  b e f o r e  ad d ing to  in o u b a t ln g  
a o lu t i o a

pH -  

In c u b a t in g  method

As f o r  Aso-dye c o u p lin g  aeth o d  ( a e e  p . 5 2  )

L e u c in e  n a p h th y la a ln ld a e o  f P e a r e e ,  1 9 7 ? )  

rr.lg .SL »t^on o f  s u b s t r a t e  s to c k  s o l u t i o n  

L - l e u c y l - ^  -n a p h th y la s id e  HC1
( S i ^ a  Wo. L -0 3 7 6 )  40  eg
e th a n o l 0 .1  a l
D i s t i l l e d  w ater 4«9 *1

The e u b e tr a te  i s  d ieso lw ed  in  e t h a n o l  b e fo r e  ad d ing

d i s t i l l e d  w a ta

I r g y « » »  .«• I n c u t . t l n j  . . . X u .

S u b e t r a te  s to c k  s o lu t io n  2 .0  a l
0 .1 R  a c e t a t e  b u f f e r ,  pH 6 .9  20 a l
0 . 8 9 *  sodi uà oh l o r i  do 16 a l
C .0 2 F  p o ta s s i ne c r a n i ds (6 9  mg/^C m l) 2.0  a ]
Fan « B lu e  B s a l t  20 ng

jn cu b a jA flfi

a )  F o llo w in g  in c u b a t io n ,  a  ? M in u te s  r i n s e  in  0 . 8 * *  

eod lua c h lo r id e  ( a a l i a e )  i s  fo lle w e d  by la n e  r e  i o n  l a  0.1M co p p e r 

su lp h a te  f o r  a f u r t h e r  2 a la u t e e .  A f te r  a  f u r t h e r  r in s e  in  s a l i n e

f e r  2 a in u t e e ,  cou n t e r s t  a i r i n g  w ith  n e th y l f f » « n  I s  c a rr ie d  e u t .

b )  D eh yd ratio n  I s  fo l le w e d  by  e o u a t i a g  l a  Canada b a l s a * .  

C .6 .3 .  H u t *  a a r h e r s  s a s o c la te d  w ith  known c e l l u l a r  s i t e s

A l l  th e  p h osp h atases  o u t lin e d  in  T a b l e  XTb (a s  w ell aa 

a c id  ph osp h ataae sad  a r y l  s u lp h a ta s e )  were l e e a l i s e d  u s in g
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p r e p a r a t io n  o f  th o  s o l u t i o n ,  th e  lo a d  n i t r a t e  i e  added d ro p w ise  

and s lo w ly  t o  th e  b u f f e r  and th a t  th e  pH i s  a d ju s te d  h r  c a rb o n a te  

f r e e  s o d iu *  h .rd ro x id e  ( l .O M ). The s u b s t r a t e  i s  th e n  d is s o lv e d  i r  

d i s t i l l e d  w a te r  and b ro u g h t to  th e  r e q u ir e d  pH b e f o r e  b e in g  added 

s lo w ly  t o  th e  le a d  and b u f f e r  s o l u t i o n .  Vhen an y  o t h e r  c o n s t i t u ­

e n t s  h ave b e e n  a d d ed , th e  sed iu n  i s  f i l t e r e d  and u s e d  in n e d ia t e l y .

f )  I t  l a  In p o r t  a n t n o t t o  o v e r in o u b a te  t h e  m a t e r ia l s  as 

n o n -e n s y n a t lo  h y d r o ly s i s  o f  th e  s u b s t r a t e  in  th e  p r e s e n c e  o f  le a d  

i n  th e  s e d iu n  n ay  o c c u r  le a d in g  to  th e  p r e e i p l t a t i o n  o f  le a d  

p h o s p h a te , w hieh  n a y  b in d  n o n - s p e c l f in a l l y  to  t l e e u e  s t r u c t u r e s .  

C . 6 . 4  r i a s n a  *o m b r u e  r a n k e r s  

C . 6 . 4 . S  A lk a l in e  p h oet-b ataae

Two te c h n iq u e s  w ere used  l a  th e  d e m o n s tr a tio n  o f  a lk a l in e  

p h o s p h a ta s e  * l^  Oomorj ca lc iu m  p h o sp h ate  method ( a s  c i t e d  by

P r o p a g a t io n  o f  in c u b a t in g  s o lu t io n

2JÍ sodium  v e ro n a l 2 , 5  a l
2% c a lc iu m  n i t r a t e  5 . 0  ml
1% n a g ie s iu a  c h lo r id e  0 . 2 5  e l
? <  N a - / -g ly o e r o p h c  s p h a te  2 . 5  n l
D i s t i l l e d  w a te r  1 .2 5  n l

The r e a g e n te  a r e  added in  th è  o rd e r  g l v e n . The f i n a l  

pH o f  th è  a e d i un l s  a d ju s te d  to  betw een  9 . 0  and 9 .4  w lth  e i t h e r  

XP PCI o r  IP  WaOH.

In c u b a t ln g  n e th o d

S i i d e e  a f t e r  in o u b a t lo n  and a e r e r a i  r ln a e a  l a  b u f f e r  and

w a te r  a r e  a )  T r e a te d  w lth  2% o e b a l t  m i t r a t e  f o r  3 m in u te s  

b )  V ashed  s o l i  i n  d l a t i l l e d  w a ter  

s )  Ia n e r e e d  in  l £  ammoni ue s u l  p h i  de f o r  2  m in u te s

d ) C o u n te r e ta ln e d ,  washed and f i n a l l y  m ounted i n  g i a c e r la
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I I  B a p h th o l AS-B1 nathod 

P r w m t l o B  o f  a to c k  a o lu t io n

N aphthol AS—B1 phoaphata 2 .5  “ g
W «W — D in ath y l foraam id a 1 .0  a l
Di a t i  l i a d  w atar 1 .0  a l
IB  » » 2 C03 1 drop

Tha r a s g a n :»  a r a  addad in  th a  o rd er  g i r a n  and a u f f le la n t  

I B  * « ? C03 l a  addad u a t l l  pH l a  8 . 0 .

Tha f o l l o a l n g  a o lu tio n a  a r a  tban  addad •

D ia t i  l i a d  « a t a r  30 a l
0 . »  T r ia  b u f f a r  pB 8 .3  18 a l

P r a p a r a tlo n  o f  In cu b iti« » «  a o lu t lo n

Sto ck  a o lu t l e a  20 a l
F a a t ra d  TR 20 a«
(  S i a *  No. F - 1 5 0 0 )

In c u b a t in g  method

a )  A f ta r  co u n t^ ra  t a i l i n g ,  tb a  a l ld a a  a r a  waahad with

« a t a r  b a fo ra  c o u n t in g  ln  g ly c e r in  J a l l y .

C . 6 .  4 .b B s s a a  y a a ..« .-  o , . . .
V ach ntaln  and V a la a l ' i  a a d lu a . 19r-7>

f y a p y a t lo n .  o f  in o u b a tln g  a o lu t lo n

ATP»3 ^ 0  ( r i «aa  N o. A -3X27) 1 6 .2  ai«
*«so4 . 7H?0 (iSadf) 2 .0  a l
(P o r  l o c a l i a a t lo n  o f  Ca? * a a t l r a t a d  
ATTaaa, a u b a t l tu te  C g90. f o r
c a c i? .  a ? o ( i * * * ) )  4
Load n i t r a t o  ( l5 n K ) 2 . 0  a l
B u f f a r ,  T r l a - a a l a a t a  0 .2 *  pH 7 .2  4 . 0  n i
D le t i l l a d  « a t a r  2 .0  a l
PH -  7 .2

P in a l
o o n c a n tr a tlo n

3aK

I n c u b a t in e  a -th o d

n ) km f o r  O o aorl lo a d  tacb n lrju a  ( a e ld  p b a a p h a ta n n , oaa p. *1  )
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F i n a l
c o n c e n t r a t i on

^ - n ltr o p h e n v l p h o sp h a te  9 3 .0  e g
( S ig a a  No. S -6 7 5 0 )
k «c i 2 .  6H? 0  (IOOb F )  5 .0  B l
rei (100*1) 5.0 ni
S t r o n t iu B  c h lo r id e  ( 2 0 0 n * )  5 . 0  b 1
T r is -H C l b u f f e r  0 .2 V ,  pH 9 . 0  2 5 .0  ml
D i s t i l l e d  w ater  1 0 .0  e l

In  a  c o n t r o l  a e d lu a ,  o u a b a in  i s  added w ith  th e  s u b s t r a t e .

F i n a l  c o n c e n t r a t io n  o f  I n h i b i t o r  -  lOaN.

In c u b a t in g  method

a )  The p re s e n c e  o f  y e llo w  n ltr o p h e n o l i n  th e  a e d i un 

a f t e r  s e v e r a l  m in u tes  o f  in c u b a t io n  i s  i n d ic a t iv e  o f  e n a y n a t ie  

h jrdrol r s i s  o f  n itr o p h a n y l p h o s p h a te .

b )  A f t e r  in c u b a t io n , th e  a a t e r l a l  i s  r in s e d  w ith  3 

chan ges o f  0 . 1 *  T r is -H C l b u f f e r  pH 9 . 0  w ith  0.1H  s u c r o s e  a t  ro o a  

te m p e r a tu r e . S u g ar i s  added to  a a k e  th e  r in s i n g  s o lu t io n  i s o -  

e s a o t le  w ith  »he s ta n d a r d  in c u b a t io n  a e d iun.

s )  T rea tm en t w ith  r n in u te s  r in s e s  ( tw i c e )  w ith  le a d  

n i t r a t e  a t  room tem p era tu re  f o l lo w s .

d ) F r e e  le a d  I s  rem oved w ith  0 .2 5 F  s u c r o s e .

e )  The s l i d e s  a r e  r in s e d  in  ta p  w ater t b o r o u ^ l y  b e f e r e  

subm erging i n  a a ao n lu a  s u l p h i t e .

f )  A f te r  w ashing and c o u n t e r s t a in ln g ,  th e  s l i d e s  a r e  

f i n a l l y  mounted i n  g l y c e r in e  J e l l y .

C .6 .5 O p lJ l  N a rk fr
T h iam in e p y ro p h o sp h atase (N o v lk o f f  and O o ld f i s c h e r t  1 9 6 1 )

f e ju t t o p

T h ia r in e  p y rsp h o e p h ate  2 5  mg
(C o c a rb o x y la s e  -  " ig n e  N e. C -8 7 r 4)
D i s t i l l e d  w ater  7 s i
T r i s - n a l e e t e  b u f f e r  pH 7 .2 »  0 . 2 *  10  n l
1< le a d  n i t r a t e  ( 0 .0 JN )  3 s i
0 .5 <  N an ran ese c h lo r id e  ( 0 .0 2 5 V )  5 a l
pH -  7 . 0  -  7 .2

¡il
l i
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t h e r e f o r e  used  e i t s n a l r » l r .  In  o rd e r  to  r e t a i n  t o »  d eg re e  o f  

• n t je e  a c t i v i t y ,  th e  u l t r a s t r u c t u r a l  p r e s e r v a t io n  h as t o  b e  

e a c r l f l o o d  by  s h o r te n in g  th e  f i x a t i o n  t l a e  and d e c r e a s in g  th e  

f i x a t i o n  te n p e r a tu r e  f r o a  37°C  t o  4 °C . The u s u a l f i x a t i o n  t l a e  

f o r  u l t r a s t r u c t u r a l  o b s e r v a t io n s  on c e l l - c u l t u r e d  s y s t e a s  I s  30 

a l n u t e s ,  b u t f o r  h l s t o c h e n l c a l  p u r p o s e s , th e  t l a e  was th e r e f o r e  

c u t  t e  1 0 - 1 5  m in u tes .

The e n iy e e t  in v e s t i g a t e d  u l t r a s t r u c t u r a l l y  w ere a r » l  

s u l p h a t a s e ,  s o ld  p h o s p h a ta s e , a l k a l in e  p h o s ;h a ta a e , th la a ln e  

p r y o p h o s ;h a ta s e , a c t iv a t e d  ATFase and o a t a l a s e .

The u l t r a s t r u c t u r a l  l o c a l l c a t i o n  o f  th e  above e n s y a e s , 

w ith  th e  e x c e p t io n  o f  c a t a l a s e .  I s  b a sed  l a r g e l y  on  th e  a d a p ta tio n  

o f  l i g h t  n ic r o s e o p lo  le a d  n ^ th od s to  e l e c t r o n  a le r o a e o p y *  Lead 

p r e e l p i t a t e s  on r e a c t io n  s i t e s  h ave s u f f i c i e n t  den s i  t v  f o r  e a s y  

v ie w in g  in  th e  e l e c t r o n  a l c r o s c o p e .  The o n ly  s t e p s  a l t e r e d  a re  

th o e e  f o l lo w in g  in c u b a tio n  and o u t l in e d  below  I 

P ro ç t du,re f o l lo w in g  lw c u ta tlo B

S l i d e s  a r e  a )  r in s e d  v e ry  th o ro u g h ly  i n  c a c o d y la te  

b u f f e r  ( l *  a ln u te s  each  e te p  -  3 t i n e s ) ,  and th en  l e f t  in  b u f f e r  

f o r  2 h o u rs  a t  0*C  -  4*C|

b )  p o et f ix e d  w ith  I t  o s a iu a  te t r o x ld e  i n  0 . 066N 

e a c o d y l a t e  b u f f e r  f o r  3 0 -4 5  a l a u t e s  a t  0*C  -  4°C|

a )  r in s e d  s e v e r a l  t i n e s  l a  b u f f e r  to  r e a o v e  f r e e  o e a lu a i  

d ) d eh yd rated  and eabed d ed  a s  d e s c r ib e d  in  s e c t io n  C .4 .2 e .

C o u n te rs tm in in g  w ith  u ran y l a c e t a t e  and le a d  was n o t a t te a p te d .

C .6 .9  . a  h y ta s e

S o v ik o f f  wid O o ld f l e c h e r 's  aed lu a  ( s e e  p .  62 )  i s  u s e d .

A s h o r t e r  in c u b a t io n  p e r io d  ( 4 5  a in u te a )  i s  eap lo y ed  t o  av o id

d i f f u s i o n  a r t e f a c t ■
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c . 6 . j . b  » « » . . t u .  m » .

The method o f  J a c o te e n  and Jo rg e n se n  f 1 9 6 9 ) pror«d  

a a t i a f a c t o r y  (a a a  p . 61  ) .

C .6.9.0 A lk a lin e  p h o sp h a ta se

A d i f f e r e n t  ln e u b a t io n  c e d iu a  from t h - t  uaed f o r  l i g h t

a ic r o a c o p v  l a  uaed aa M lllo n lg  and M il lo n lg  (1 9 7 4 )  r e p o rte d  th a t  

th e  Clono r i  r e a c t io n  w ith  th e  o on w eraio n  o f  c a ld u a  p h osp h ate  In to  

le a d  p h o sp h a te  ( a s e  p .  51  ) l a  to o  s e n s i t i v e  f o r  e l e c t r o n  m lc r o s -

oopy s i n c e  le a d  p r e c i p i t a t e s  a r e  p rod uced  in  th e  c y to p la s m , o v er  

th e  c h r o m a tin  and th e  n u c le o lu s .

a )  The le a d  n i t r a t e  i s  added v e ry  c a r e f u l I t  in to  

T r i e - « a l e a t e  b u f f e r .

b )  D i s t i l l e d  w ater  i s  added to  th e  s u b s t r a t e ,  w hich  i s  

then  m ixed w ith  th e  le a d  and b u f f e r .

a d ju s te d  t o  6 .2  w ith  IX  HaOB. The medium i s  warmed f o r  1 9  m inutes 

a t  3 7°C , d u r in g  which p r e e i p l t a t e s  a r e  form ed in  th e  s o l u t i o n .  I t  

i s  th en  k e p t  a t  room tem p era tu re  f o r  1 h o u r . The s o lu t io n  i s  

f i l t e r e d  and used ia m e d ia te ly .

C .6 .9> d  A cid  p h osp h atase

Preparation o f  ¿ncubnting solution (Huger and Eorger,
1966 )

T r io -m a le a to  b u f f e r  C .2X pH o .2  
Sodium - ^ -g ly e e r o p h o a j h a te  ( l . 2 5 < )  
D i s t i l l e d  w ater  
Load n i t r a t e

1 ml 
?  ml 
5 .7  ml 
1 .3  ml 
3 drops*d C l2

pH -  5 .0

s )  The r e s t  o f  th e  r e a g e n ts  i s  then added.

d ) A fte r  a  few  m in u te s , th e  pH o f  th e  s o lu t io n  i s

2  methods a r e  em ployed in  th e  l o c a l i  n a tio n  o f  a c id  

p h o s p h a ta s e , bo th  o f  w hleb a r e  m o d if lc a t io n s  o f  th e  o r i g in a l
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I n c u b a t in g  nothod

a )  P e f o r e  in c u b a t io n ,  th a  a l l d M  a r e  c a r e f u l l y  r ln a e d

i n  0.1M  a c a t a t a  b u f f a r ,  pH 5 . 5 . T b la  a ta p  l a  im p o r ta n t , aa 

ca co d y l a ta  Io n a  i n h i b i t  th a  a n iv a a .

C . 6 . 9 . f  C a ta la a a

N o w ik o ff and O a ld f le c h e r * a  a a d lu n  i a  uaad  (a a a  p .6 3  )•

O xld iB ad  DIP l a  r e a d i l y  r la u a l l a a d  b y  b o th  l i g h t  and e l e c t r o n  

a ic r o a e o p y  and th a  in c u b a t io n  a a d iu a  a d ap ted  f o r  l i g h t  a ic r o a c o p y  

can  be u a a d .

In c u b a t in g  method

a )  The a a t e r i a l a  a r e  r ln a e d  w ith  0.0661/ c a co d y l a t e  

b u f f e r ,  pH 6 . 6 ,  t o  rem oye f r e e  DAI and a u to - o x id is e d  D IB , b e f o r e  

p e a t - f i x i n g  w ith  o a s l u a .  T h la  a te p  l a  l a p o r t a n t  aa any f r e e  

a u to - o x ld is a d  DAB p r e a a n t  w i l l  form  p o ly m e r ic  c o n p le x e a  w ith  

o a a iu a  (H an ker a t  a l .  1 9 7 2 ) .

C . 6 .1 0  Oba' r w a tlo n

Tor n n t a r i a l a  p rep ared  f o r  e l e c t r o n  a iio ro aco p y  a a a  

e e c t l o n  C .4 > ? f>

L ig h t  m icre a c o p v  a p e c in a n a  w ere exam ined u a ln g  th a  

W ild  l i g h t  m lcro a co p e  (ft 2 0 )  w ith  a  Nikon Dark Pox e a n a ra  

a tta c h m e n t ( K - 3 9 9 ) .  Z l fo r d  f i l e  Tan T 1 39  ( a  b la c k  and w h ite  

f l l a )  and A gfachrom e *>OL 139  ( a  r e w a ra a l 00lo u r  f i l n )  w ere u sed  

f o r  p h o to g ra p h ic  r e c o r d in g .
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C .7 .1

C R B O m n  C  C » )  »KLBASIKO CTTOTOUCITT ' 

S t r a in *

O n lv  2  u n l c  s t r a i n s  o f  a a o e b a  w ars u sed  in  t h i s  s tu d y *  

E .  h l s t o l r t l o a  A x. 2 00  s t r a i n  and E . in v a d a n s  BAH s t r a i n .  Tha 

t r o p h o s o l t a s  w ere n a in t a in a d  a t  37°C  f o r  th a  A x . 2 0 C s t r a i n  and 

2d°C f o r  th a  BAH s t r a i n  in  1 0 0  s i  m e d ic in e  b o t t l e s  c o n t a in in g  9 0  sil 

TPS—1 so d iu m , A d ult B o r in a  s a n i a  and 2 .59* T i t a s i in  107  n ix t u r a  

(D ia s o n d , l ; 6 8 b ) .  The s u p e r n a ta n t  a s d lu n  i n  4 8  h o u r  c u l t u r e s  was 

d ao an tad  a x c a j  t  f o r  th a  l a s t  2 0  s i .  Tha b o t t l e s  w ara th an  p la o e d  

in  i c a - w a t a r  f o r  10  m in u tes  and th a n  in v e r t e d  s s v e r a l  t i s a s  to  

d e ta c h  th a  a a o a b a a  f r o s  th a  g l a s s  w a ll o f  t h s  b o t t l e s .  Tha a e d lu a  

w ith  th a  su sp en d ed  aao abaa was th a n  t r a n s f e r r e d  t o  U n iv e r s a l  

c o n t a in e r s . T h re e  a ln u te s  c e n t r i f u g a t i o n  a t  1 5 0 0  rp a  l o o s e ly  

p a l l e t e d  th a  o r g a n i s e s ,  f o l lo w i n g  w hich  th a  s u p e r n a ta n t  a e d lu a  was 

re e o r e d  and t h s  aao ab aa  su sp en d ed  i n  th a  l a s t  5  a l  o f  th a  a e d lu a  

b y  g e n t ly  s h a k in g  th a  c o n t a i n e r s .  Tha a a o ab aa  w ara th a n  c o u n te d  

u s in g  a h a e a o c .v to a e te r . The s u p e r n a ta n t  a a d iu a  was u sed  to  t e s t  

i t s  e f f e c t  on  t h s  la b e l l e d  c a l l s .

C . 7 . » .  L a b . l l l n x  o f  C hens l i v e r  c a l l s

C o n f lu e n t  100  a l  a a d io ia a  b o t t l e s  o f  C hang huaan l i v e r  

s e l l s  w ara w ashed  w ith  E a g l e 's  a e d lu a  sad  th a  c e l l s  rem oved b y  th a  

a d d it io n  o f  v e r o e n e  f a r  10  n ln u te e  a t  37 °C . Tha o a l l s  w ere c o n c e n ­

t r a t e d  b y  o e n t r l f u g a t l e n  and w ashed tw le e  w ith  E a g l e 's  a a d iu a  

c o n ta in in g  51* f o e t a l  c a l f  s a r u a .  Tila y  w ara th a n  p o o le d  and 

reeu sp e ad ed  i n  5  a l  E a g l e 's  a a d iu a  w ith  51* s a r u a  and * a 51C r ( t a t a l  

c o n c e n t r a t io n  -  9 0  j iC l )  was a d d ed . The c a l l s  w ara a a ln ta ln e d  in  

su s p e n s io n  f a r  dC m in u tes a t  3 7 * C .  Tha e x c e s s  o f  r a d i o a c t iv e  l a b e l  

was th a n  rem oved  b y  w ashin g 3 t l a s s  l a  ab o u t 2 0  a l  o f  E a g l e 's  

s a l a t l o a ,  a f t e r  w hlob th a  c a l l s  w are c e n t r i f u g e d  a t  4*C  f o r  *  a in u t e s
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a t  1 5 0 0  r p a  and reauip and «d  in  i a g l e ' s  s o lu t io n .  T i a b i l i t y  vaa 

u i a a a e d  b y  tb c  T ry p an -b lu e  e x c lu s ió n  t e s t .  The o o n e o n t r a t l o n  vas 

a d ju s t e d  to  be 100 t i n s s  l s s s  th an  th è  h l g i e s t  d i l u t i o n  o f  s so e b le

s u s p e n s ió n  ( u s u a lly  15  -  20  x  1 0 *  c e l l s / s l ) .

C .7 .3  C y to to x ic  t e s t s

The C r - r e le a a in g  c v t o t o x i c i t y  t e s t s  v e re  u s e d  s )  te  

d e t e r s i n e  th è  p a th o g e n ic ity  o f  th è  s s o e b le  « t r a in a  u s i n e  l )  in t a c t  

t r o p h o s o i t e s  end l i )  h o ao g e n ise d  amoebae b y  u l t r a s o n i  c a t i o n i

b )  to  i n v e s t i g a t e  th è  e f f e e t  o f  th è  s u p e r n a t a n t  f l a id  

o f  a T P S—1 c u lt u r e  a e d iu a  o b ta in e d  f ro a  48  hour a a o e b i o  o u ltu r e s i

o )  to  ln v e e t lg a te  th è  in h l b i t l o n  e f f e e t  o f  b o t i  p ro e e th a - 

s in e  L y d r o c h lo r i  de and R o e e n th a l 's  i n h l b l t o r  o r  DL—2 ,  3 —d ie t e a r o y l-  

o x .rp ro p .r l—( d ia e th y l )~ (2 -h y d r o x y e th y l ) - a s s on iu a  a c e t a t o  o n  th è  

a s o e b a —c u l t u r e  c e l i  i n t e r a c t i o n .

To t  s ) i )  100  pii o f  Chang c e l i  su sp en sió n  v a s  ed d ed  to 

IOO pii o f  o s ch  d i lu t io n  o f  a n o e b le  s u s p e n s ió n . The r e t i o s  1 0 0 , 3? , 

1 0 ,  3 . 2 ,  0 . 3 2 *  0 .0 3 2 ,  0 .0 0 3 2  aao ebae to  1 la b e l le d  C h a » *  e o l i  vere 

e o p lo y e d .  The v o i u se v as s ed e  up to  300 ^il by  ad d in g  T P 3 - 1  aren i e 

a e d iu a  (D iam o n d , 1968b ) .  As a  c o n t r o l ,  th è  l a b e l le d  o s i l a  ( 100 pii) 
v e re  addod t e  TP3-1 a x e n le  a e d iu a  (2 0 0  a l ) .  To oheek f o r  , Cr 

b ackg ro u n d  r o l e a s e ,  Chang c o l l  su sp en sió n  (IOO pii) v a *  ad d od  te  

2 0 0  pii o f  E a c l e ' i  a e d iu a .

F o r  a ) i i )  th è  aao ebae ( 2 0 -4 0  x IO5 l a  5 a l  T P S - 1  aed iu a) 

« e r e  h o a o g e n ise d  by  u l t r e s o n le a t i o a  ( « S I  u l t r a s o n l e a t o r ,  *  « im ite s  

a t  6 s u ) .  IOO pii o f  Chang e o l i  s u sp en sió n  waa added t o  IO O  u l  s f

e ach  d i l u t i o n  o f  aa o eb ic  h o a o g o n a te . The r a t i o s  o f  a p p r e s i a e t o l y  

0 . 3 2 ,  0 . 0 3 2 ,  0.0032 bono geni sed  s ao eb ae  to  1 la b e l le d  C h a n g  c e l i

F o r  b )  IOO pii of  C haag e e l l  s u sp en sió n  v as ad d o d  t e
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1 0 0  fil o f  th è  s u p e rn a ta n t  f lu id  o b ta ln e d  f r o a  a a o e b ie  c u l t u r a # ,  

and 100 ad  o f  T P S-1  a x a n lc  c a d i u n .

F o r  e )  th a  r a t i o  o f  } .2  an oebaa t o  1 l a b a l la d  Chang c o l l  

v a s  an p lo re d  f o r  th a  In h ib i t io n  e x p r í m a n t e .  Tha i n h i b í  to r a  usad 

v a r a  p r o a a th a s ln a  h y d r o c h lo r ld s  and R o s s n t h a l 'a  i n h i b í t o r  

(  C a lb lo c h a n )  (R o s e n th a l and O ey ar, I 9 6 0 ) .  100  ^ il o f  Chang o o l l

s u s p a n s io n , and 1 00  f i l  o f  a s o e b ic  (u ip a n s io n  v ara  addad to  1 00  j t l  

o f  aaeh d i lu t io n  o f  th a  i n h l b i t o r s .  Tha I n i t i a l  c o n c e n t r a t io n  o f  

R o s s n t : a l ' e  in h i b í  t o r  v a s  2 .2 x 1 o " 2* .  3 s e r i a l  d i lu t io n s  o f

R o s s n t h a l 'a  i n h i b í t o r  v a ra  uaad to  o b t a ln  d i f f e r e n t  c o n c e n t r a t io n s  

l . s .  6 .9 x 1 o “ 3* ,  2 . 2 x 1 o " 3* ,  and 6 .9 x 1 o " 4* .  As a c o n t r o l  f o r

t s s t i n g  th a  a f f a c t  o f  R o s s n th a l 'a  i n h i b í t o r  on Chang o s i l o ,  lOO fil 

o f  th a  I n h ib í  t o r  ( 2 . 2 x l 0 _2* ,  6 .9 x 1 o " 4* ,  6 .9 x 1 o " * 5* )  v a s  addad to

th a  Chang o o l l  s u s p e n s ió n  (100  ^ i l)  and T P S -1  aed i un (1 0 0  f i l )  •

Tha i n i t i a l  e o n c s n t r a t lo a  o f  p r o a a th a s ln a  b .r d ro c h lo r i de 

v a s  IO "2* ,  and 3 s e r i a l  d i lu t io n s  o f  th a  i n h i b í t o r  v a ra  o ap lo yo d  to  

o b t a ln  d i f f é r a n t  c o n o o n tr a t io n s  i . o .  I O " 3* ,  l o " 4* ,  1 0 * S .  As a 

c o n t r o l  f o r  t e s t i n g  th a  a f f a e t  o f  p r o a a th a s ln a  h y d ro e h lo r ld o  on 

C hang e o l i o ,  1 00  u l  o f  th a  in h ib í  t o r  ( l o " 2* ,  l o " 3* ,  10 -4 V , and 

IO " 5* )  v as ad dad t o  th a  Chwi g o s i l o  ( 1 0 0  f i l )  and TPS-1 a o d lu a  

(lOO p l ) .

n ía  s e r i a l  d i lu t io n s  o f  b o th  in h i b i t o r o  v ara  dona l a  

s t a r i l a  d i s t l l l a d  w a te r , a a k la g  th o  r e s u l t i n e  aed iu a  a l l g f c t l y  

h y p o to n ie .

Tha r e s u l t i n e  m ix tu res  ln  f l a t - b o t t o a e d  p l a s t i e  tu b o s  

( 2  a l )  f o r  a l l  s x p s r l a e a t s  vara ln cu b a ta d  f o r  4 h ou rs a t  37°C vhaa 

K. h l s t o l r t l c a  v as u s a d ,  and f o r  18 h o u rs  a t  ro o a  te a p a r a tu r e  l a

th a  c a s a  o f  £ .  In  ad o n e.  Tha r é a c t io n  v a s  s to ;p a d  bv  a d d in e  1 *0  »1 

o f  o o ld  R a g ie 's  a a d iu a  to  aaeh  tuba f o l lo v o d  1 *  c e n t r i f u g a t io n  s t
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150 0  rpm f o r  5 m in u te« . A l iq u o ts  o f  th e  s u p e r n a ta n ts  (9 0 0  j j I )  

w ere ta k e n  f o r  c o u n tin g  t h e  sp o n tan eo u s r e le a s e d  l a b e l s  ( a ) .  The 

r e m a in in g  p e l l e t  and s u p e r n a ta n t  a  o i l  u s  ( 40c  j i l )  was a ls o  ta k en

In  o r d e r  t o  cou n t th e  r e m a in in g  r e l e a s a b l e  ^ *C r ( F ) .

T h s  r e le a s e d  ^ *C r was co u n ted  in  a g aa a a  s p e c t r o a e t e r .

Raw gamma c o u n te r  d a ta  w ere  punched on p ap er ta p s  and s p é c i f i é  

r e l e a s e  c o m p u ta tio n s  w ere made a u t o s a t l c a l l y  w ith  an e l e c t r o n i c  

c a l c u l a t o r  s y s te m . A l l  t e s t s  w ere p erform ed  i n  t r i p l i c a t e .

C y t o t o x ic i t y  was e x p re s s e d  in  term s o f  p e r c e n ta g e  o f  

ohromlum r e l e a s e  i

1 3 0 0  x  B
C y t o t o x ic i t y  -  900________ x  lO O * 51C r r e le a s e d

A ♦  B

The p e r c e n ta g e  s p e c i f i c  r e l e a s e  was c a lc u la t e d  a s  th e  p e r c e n ta g e

r e le a s e  I n  o u ltu r e s  c o n t a in in g  th e  e x p e r im e n ta l sa m p le s  minus 

th e  p e r c e n ta g e  r e le a s e  i n  o u i tu r e s  c o n ta in in g  t h s  a p p r o p r ia t e

c o n t r o ls ,
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» .  RSStrLTS

The a l a  o f  th e  p r e s e n t  in v e s t i g a t i o n  v i s  t o  s tu d y  th e  

p a tb o g e n o s is  o f  a a o e b l a s i s  b y  u s in g  a v a r i e t y  o f  c a l l  c u l t u r e

s y s te m s  a c te d  upon b y  b o th  p a th o g e n ic  and n o n -p a th o g e n ic  s t r a i n s  

o f  B .  h i s t o l y t i c a .

Zn so  d o in g  in fo r m a tio n  h as been  g a in e d  on  c e r t a i n  

ens'-m e a c t io n  s i t e s  in  th e  c u l tu r e d  c e l l s  and t r o p h o s o i t e s  

s e p a r a t e l y  and a f t e r  c o n ta c t  a ls o  on th e  u l t r ' S t r u e t u r a l  ch an g es 

r e l a t e d  to  p a t h o g e n ic i t y .

Fu rth erm o re  b y  r e l e a s e  o f  Chromium fro m  l a b e l l e d  

c u l tu r e d  C hang c e l l s  i t  h as been  e o n fir n e d  t h a t  c o n t a c t  betw een  

amoeba and c e l l s  i s  n e c e s s a r "  f o r  th e  i n i t i a l  c e l l  dam age to  ta b s  

p l a c e .  B lo c k in g  o f  th e  C r . r e l e a s e  was a c h ie v e d  a n d  e v id e n c e  i s  

p u t forw ard  t o  i n d ic a t e  th a t  a to x in  may b e  th e  c a u s e  o f  a  chan ge 

i n  th e  c e l l  nem br-n e p e r m e a b i l i t y ,  th e  f i r s t  s t e p  w h lo h  le a d s  

th ro u g h  s e c o n d a ry  i n t r a c e l l u l a r  ch an g es to  e r e n t u a l  o e l l  d e a th .

D .l
«OPBOZOXT^S IB  F ' TO » T 7 0 O T IC  AND AX r  IC  3TRAIFS
OF 'ZrTAJT S  A niSTCI TTICA

O aneral m orphology i

F i g .  1 i l l u s t r a t e s  th e  s t r u o tu r e  o f  a  t r o p b e s o l t e  o f  

Bntam oeba h i s t o l y t i c a .

» . 1 . 1  V uclsua

The n u c le u s  in  t r o p h o a o ite a  o f  n o a e ie n ie  an d  a x e n ie  

s t r a i n s  i e  e v a l  shap ed  and th e  n u cleo p lasm  i s  n o r e  e l e c t r o n  d ense 

th a n  th e  e y to p la a a  ( F i g .  P b ) . The n u c le a r  n e e b r a a s  show n  a  d o u ble  

• e s b n a *  w ith  n u c le a r  p o re a  (d© to  W  n s  In  d i a a e t e r )  ( F i g .  P a ) .

F i g .  3  d e m o n s tr a te s  a d la p h r a ^  b r id g in g  t h s  p o r e . T h i s  d la p h ra ^ i 

h a s  no o b v lo u a  t r i l a m in a r  s t r u c t u r e  and i s  n o re  d i f f u s a  i n  ap p ea ra n ce  

th a n  a t - p i c a l  n e n h r a n e . H enley  e t  a l  ( 1 J7 < )  h r  f r e e s « -  f r a c t u r i n g
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t e c h n iq u e  r o v e a le d  p o r e *  stu d d ed  w ith  nun rou e g lo b u le s  b u t th e s e  

e r e  n o t  see n  i n  th e  p r e s e n t  s tu d y . One n u c le u s  p e r  t r o p h o s c i t e  

i s  — i l l y  fo u n d . f r o :  h oz i t ' s  w it ; two n u rZ ei • re  uncommon. In  

o n e  n o n o z e n lc  S t r a i n ,  I i c r i n s ,  3 n u c le i  e r e  d e te c te d  ( P i g .  4 ) .

The c h ro m a tin  m a t e r ia l  i s  d is p la c e d  to w ard s th e  p e r ip h e r a l  p a r t  

o f  th e  n u c le u s  u n d er th e  n u c le a r  m embrane, and form s I r r e g u l a r  

c lum ps w hich  a r e  n o t  u n if o r m ly  la i d  o u t ( P i g .  2 a ) .  T b s  k a ry o so n e  

i s  i r r e g u l a r l y  sh ap ed  and e l e o t r c n  d e n se . P i g .  2 a shows m icro ­

tu b u le s  ( i d —20  run i n  d ia m e te r )  r a d i a t in g  from  a c e n t r a l l y  

S i t u a t e d  : ar--osom e. t l s o  j r- . e n t in  th o  n u c le u s  a r e  v a r io u s  

i n c l u s io n s  w hich w ar”  i n  a l s o .  The non—r s s l o u l a r  in c l u s io n s  (n o n -  

ssir.bran e bound) a r e  o c : . f in e d  to  th e  *uchr< m atin  a r e a  ( P i g s ,  P b , 4 ) .  

Such in c l u s io n s  c o n ta in  e i t h e r  o s m io p h lllc  r in g s  ( P i g .  4 )  o r  

c o a r s e  p a n s ]  S  s f c ls l  '■ i l l  th e  w) o le  c o re  ( ^ i r .  5 ) .  The v e s i c u l a r -  

ty p e  in c l u s io n s  ( s s r b r a n s  bound) a r e  e o n fln s d  to  th e  p e r ip h e r a l  

r e g i o n  o f  th e  n u e le u s  i n  th e  h e te r o ch ro m a tin  a r e a  ( P i g s .  9 , 6 ) .

Tha y e s i c u l a r - t y p e  in c l u s io n s  v a r -  in  shap e and a im s . 

T h ey may e i t h e r  b e  h a r i c o t  b ean  sh ap ed , s  » r i c a l  o r  even  p e a r -  

sh a p ed  ( P i g s .  5 , 0 »  Th ey e o n ta ln  e i t h e r  e l e c t r o n - lu c e n t  m a te r ia l  

o r  h av e an o lo e tr o n -d o n s e  meu.br n ou s s t r u c t u r e  w hich lo o k s  th o  

sam e a s  t h a t  o f  a n u e le a r  membrane ( P ig .  9 ) .  Som etim es r ib o s o m a l 

m a t e r ie l  i s  s e e n  ( P i g .  6 ) .

In  so n «  s s c t l o n s ,  o n ly  th e  r e a lo u la r - t y p e  b o d ie s  a r e  

so o n  t o  s o r e  o u t o f  th e  n u c l e u s .  Ones h a v in g  p assed  th ro u jd i th s  

n u e le a r  s em h ran e , th e  c o n t e n t s  o f  e l e c t r o n - lu c e n t  m a te r ia l  a re  

d is p e r s e d  in t o  th e  c y to p la s m  ( P i g s .  7 s ,  7 b ) .

P i la n e n to u s  s t r a n d s  a r e  found in  th s  r u c l s u s ,  b u t such 

a  f in d i n g  i s  r a r e  ( P ig *  8 ) *  Ths in d iv id u a l f l l a n s n t  i a  a bo u t 9 rur 

in  d i s a s t e r .  I t s  le n g th  e n n o t  h e d eterm in ed  i n  s e c t io n e d



■ a t e r í n i « .  The s t r a n d s  a r e  p ro b a b ly  r .c t  th e  f í l - r c s n to u a  v i r a l  

p a r t l c l a a  ( 1 0  nm In  d ia m e te r )  f i r s t  d e s c r ib e d  b y  Diamond e t  a l .

( 1 9 7 2 )  a s  th e r e  i s  a  s i s e  d is c r e p a n c y .

D .1 .2  Cytoplasm

D . i . ? a  S d M B Ü L M É D B *  t h - m*\j a l ^

The p ia s tra  m em brane l a  t y p i c a l l y  t r i l a m in a r  w ith  a 

t h i c n e e s  o f  about IOO nm. The m iddle e l e c t r o n  t r a n s p a r e n t  la  ver 

I s  6 0 - 7 5  nm t h i c k .  A f u s s -  c o s t  on th e  o u ts id e  o f  th e  e x te r n a l  

membrane l e  n ot o b serv ed  i n  m il tM | h * i  i t  b ( : r .  } )  .

S le e t  ron  o p aq u e d e p o s it s  a re  o c c a s io n a l l y  s e e n  on th e 

c y to p la s m ic  a id e  o f  th e  i n n e r  membrane ( " l g s .  1 0 ,  l l ) .  T h ese  

d e p o s ita  accu m u la te  and r e s e m b le  th e e u b p e l l l c u la r  d arl g r a n u le s  

w ith  a  1  e n e -t).a p e d  p r o f i l e  d e s c r ib e d  b y  p r e v io u s  w o r k e rs , ( P l r d ,

1 9 6 1 1 lu d v ik  and S h i7 s t o n e ,  j

P r o c to r  and O re g o r -, 1 • . . ( b e  c o n te n t : e f  * I

p e l l i c u l a r  b o d ie s  a t  a l a t e  s t a g e  e f  developm ent r e sem b le  th e  

non—v e s i c u l a r  t - p e  n u c le a r  I n c l u s i o n ,  w hich ,  i n  t h i s  s e c t io n  ( f i g .

1 2 ) ,  I s  found in  th e  ey to p la m n  o f  an a x e n lc  c u l t iv a t e d  tr o p h o s  l t e .

The s u b - p e l l i c u l a r  b o d ie s  a r e  common in  a x e n lc  s t r a i n s ,  w hereas In 

■ o n o x sn ic  s t r a i n s  th s y  a r a  fo u n d  to  be few in  number o r  c o m p le te ly  

a b e e n t . f i g .  10  i s  a m icro g ra p h  s f  a s e c t i o n ,  en amoeba e f  "vana 

s t r a i n ,  i l l u s t r a t i n g  th a  a u b p e l l i c v l a r  bo d y. A f te r  e e v e r a l  ye are 

e f  s u b e u ltu r ln g ,  h ow ever, s u c h  b o d ie s  a ra  n o t I n  a y  e x p e r ie n c e  to  

be found ( n « s .  7 2 ,  7 6 b , 7 6 m ).

D.  1 . 2b 9 u r fa c t  ¿ ,*s o a o » ..f

S u r fa c e -« -  t i v e  lv e o a o s .e e  equipped w ith  a ' t r i g g e r  

m ech an ism ', f i r s t  d e a c r ib e d  b y  7aton  a t  a l  ( 19 6 9 ,  19 70 ) ,  a r e  n ot 

d e te c te d  i n  specim en s u sad  I n  t h i s  s tu d " .  P i g .  1 3  shown an

7*

i t i t y  b u t on s lo a a  e x a m in a tio n ,



th e  a p p aren t lyaoaom es a r e  seen  to  b e  2 v a o u o le s  w hich  have 

c o l l a p s e d  d u rin g  c e n t r i f u g a t io n  b e fo r e  p e l l e t  f i x a t i o n .

D .1 .2 e  V acu oles

The m oat abundant v a c u o le s  a re  th e  fo o d  v a c u o le s  and 

w ith in  auch v a c u o le a , nonbrrnoua w h o r ls ,  c o n c e n t r i c  r in g a  o r  

m y e lin —l i k e  fi£V **ea a r e  o b serv ed  ( F i g .  1 5 ) .  T h ese  membrnnoua 

w h o rla  oomo from d ig e s t io n  o f  b a c t e r i a .

Some o f  th e  a t r a in a  o f  Sntairoebr, h i a t o l .v t l c a  w ere 

s p o r a d ic a l ly  con tam in ate d  w it! b a c t e r i a ,  ■ nmonne s p . ,

and th e  d ig e s t io n  o f  th e  in g e s te d  b a e te r in  can  b e  r e a d i l - '  fo llo w e d .

The b a c t e r i a l  c e l l s  a r e  surrounded bv a r ir f .d  p o ly s a c c h a r id e  c e l l  

w a ll w hich  p r o te c t s  them ( F i g .  1 4 ) .

Once th e  b a c te r iu m  i s  ta k en  in t o  th e  v a c u o le ,  th e  

c y to p la s m ic  membrane b r e a k s  down ( F i g .  l r ) .  !v e r ; tu « l ly  th e  o u te r  

■em brane o f  th e  c e l l  w a l l ,  c o n ta in in g  th e  l ip o p o l ' ' 's a o c h a r id e  

com ponent r u p tu r e s , and th e  cyto p lasm  le a k s  o u t .  T h s u n d lg e s ts d  

o u t s r  membrane th en  form e c o n c e n t r ic  r in g e  o r  m y e l i n - l i k e  f ig u re e  

( F i g .  1 5 ) .

Th e r e a c t io n  p ro d u c t f o r  a c id  p h osp h atase  i e  l o c a l i s e d  

a t  l i g h t  m lo ro soo p ic  l e v e l  w ith in  th e  am oebic v a c u o le s .  O om ori'e 

m o d if ie d  tec h n iq u e  g iv e s  a  more in te n s e  r e a c t io n  p r o d u c t  ( F i g .  17 ) 

th an  t h a t  o f  th e  dye te c h n iq u e  whioh prod u ces a more d i f f u s e  one 

( F i g .  1 6 ) .  Ho r e a c t io n  p rod u ct i s  p r e s e n t  in  t r o p h o s o i t e s  

in c u b a te d  in  e u b e tr  t e - f r s e  medium. Under th e  e l e c t r o n  m lcro so o p e , 

th e  p r o d u c t f o r  a c id  p h o sp h a ta se  i s  p r e s e n t  in  la r g e  c y to p la s m ic  

v a c u o le s  ( r i g s .  1 6 ,  1 9 ,  ? u ) .  Th ere i s  no d i f f e r e n c e  i n  e i t h e r  th e 

d i s t r i b u t i o n  o r  i n t e n s i t y  o f  th s  o v to ch sm ica l p ro d u c t u s i n g  s l t h e r
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N o v i lc o f f 's  CKP ( F i c s .  1 9 ,  2 0 )  o r  B a r k *  and A n d erso n 's  

P  -g ly c e ro p h o s p h a te  ( g. 1 8 )  m e th o d s . Tho le a d  r e a c t io n  p ro d u c t 

i s  e i t h e r  r e a t r i c t e d  to  th e  w a lla  o f  t h e  v a c u o le s  and t h e i r  

c o n te n ts  o r  th e  w hole v a c u o le . 'The d r o p l e t s  o b serv ed  i n  o n e  o f  

th e  v a c u o le s  o f  F ig .  19 a r e  p erh a p s  f a t  b o d ie s  r e le a s e d  f r o s  

d soon posed  c r i t J . i l i a  whose r e s n l n s  a r e  v i s i b l e .  Vo a c id  p h o sp h a t­

a s e  l a  seen  i n  th e  in t r - n u c l e e r  b o d ie s  ( P i , . p o s i t s

o f  le a d  on th e  p la s s r  r ' t o p l a s s  o f  M o rt- .o  ('• '!■ » . 1 ,

1 9 )  a r e  a r t e f a c t  due to  non—s p e d  f i c  a b s o r p t io n  o f  le a d  o n to  th e  

s a i l .

At l i g h t  m ic r o s c o p ic  l e v e l ,  c a t a l a s e ,  an e n s '- s e - n a r k e r  

f o r  p e r o x ls o a e s  l a  l o c a l i s e d  in  v a r - . c l a r - l l k e  s t r u c t u r e s  ( ' ' i f f .

? l ) .  At e l e c t r o n  s io r o s c o p l c  l e v e l ,  j^ r o x la o a e s  a re  i t f l n l t e l y  

n o t  p r e s e n t  i n  th e  t r o p h o s o i t c s ,  and c a t a l y s e  i s  s t r i c t l "  c o n fin e d  

t o  food  v a c u o le s ,  w hich p r o b a b ly  o o n ta in  d ig e s te d  C r l t h l l i a  o r  

b a c t e r i a  (F ig , 2 2 ),  Vo c a t a l a s e  i s  lo c a t e d  in  e i t h o r  th e  i n t r a ­

n u c l e a r  b o d ie s  o r  th e  n u c le o p la s s  ( F i g .  2 3 ) .

The t r o p h o z o i te s  used  f o r  t h e  l o c a l i s a t i o n  o f  e a t a l a n s  

w e re  f ix e d  ' i t  e l t u *  i . e .  d i r e c t l y  o n to  th e  s l i d e « .  I n  s i t u  

f i x a t i o n  r e v e a l s  an e x t r a c e l l u l a r  c o m p o n en t, th e  u r o ld  o r  t a l l  

en d  w hich  i s  n o t  e v id e n t  in  s e c t i o n s  o f  a i tnrooeba 1,1 a to  I " t i c s  

t r o p h o s o i t e a  f i x e d  a f t e r  c e n t r i f u g a t i o n .  The t a l l  i s  

su rro u n d e d  by  clum ps o f  e e l l u l a r  d e b r i s  and b a c t e r i a  (F ig ,  2 3 ) .

Vo r e a c t io n  p ro d u c t i s  p r e s e n t  when t h e  t r o p h o s o i t e s  were 

in c u b a te d  in  a s u b s t r a t e —f r e e  a e d lu n  ( F i g .  2 4 ,  s e e  a f t e r  F I g.

Zn th e  t r o p h o s o i te e  in c u b a te d  f o r  th ia n ln e  p y ro p h o s p h a ta s e

* 5 ) .
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a c t i v i t y  ( T F r a s e )  th e  r e a c t i o n  p r o d u c t ( le a d  p h o s p h a te *  i s  

p r e c ip i t a t e d  i n  v a c u o l a r - l i k e  s t r u c t u r e s  i n  th e  t r o p h o s o i t e s  

when o b s e r v e d  u n d er  th e  l i g h t  m ic r o s c o p e  (T ig .  2 5 ) .  TTTase 

i s  o n ly  fo u n d  i n  sp ec im en s f ix e d  w ith  4% fo r n a ld e h y d e *  as 

g lu ta r a ld e h y d e  f ix e d  m a t e r ia l s  o n ly  show th e  r e a c t i o n  p r o d u c ts  

on th e  p e r ip h e r y  o f  th e  n u o le u s  (T i  - .  2 6 ) .  E le c t r o n  m ic r o s ­

copy p r e p a r a t io n s  c o n firm  t h a t  g lu ta r a ld e h y d e  f ix e d  t r o p h o s o i t e s  

show th e  p r o d u c ts  d e p o s ite d  ran d o m ly  a lo n g  th e  p e r ip h e r y  o f  

th e  n u c le u s  ( f i g .  2 7 ) .  A r t e f a c t u a l  n u c l e a r  s t a i n i n g  i s  a  

common phenom enon i n  l e a : s a l t  t e c h n iq u e s  ( B a r k s  and A n d erso n ,

1 9 6 2 ) .

A t e l e c t r o n  m ic r o s c o p e  l e v e l ,  th e  r e a c t i o n  p ro d u ct 

f o r  T P ra se  i s  h e a v i l y  l o c a l i s e d  i n  th e  a n o e b lo  v a c u o le s  ( J i g .

2 6 ) .  Wo e l e c t r o n  d en se g r a n u la r  d e p o s i t  i s  s e e n  in  th e  i n t r a ­

n u c le a r  b o d io s  and th e  r e s t  o f  th e  n u c le o p la s m . At a h ig h e r  

a a & i if i e n t i o n ,  TPT'ase f i l l s  e i t h e r  th e  w hole o f  th e  v a c u o le s  o r  

j u s t  th e  p e r ip h e r y  o f  th e  v a c u o le s  ( f i g .  2 9 ) .

As T P r a s e  i s  o b s e r v e d  w it h in  am oebic  v a c u o le s  

( r i g s .  2 6 ,  2 9 ) ,  o b s e r v a t io n s  w ere c a r r i e d  o u t on n orm al f ix e d  

m a te r ia l  t o  l d e n t l f "  any s p e c i a l i s a t i o n  in  th e  s t r u c t u r e  o f  

th e  v a c u o le  w hich  o o u ld  p la y  an im p o rta n t  r o l e  a s  a  s e c r e t o r y  

organ in  th e  s a n e  way a s  t h a t  o f  a  G o lg i a p p a r a tu s .  At u l t r a -  

s t r u c tu r  ; l e v e l ,  s m a ll l n v a ^ n a t i o n s  o f  th e  l i m i t i n g  membrane 

o f  th e  v a c u o le  a r e  o b s e rv e d  ( f i p .  J O a , b ) .  L a t e r  th e y  

beoone d e ta c h e d  b y  p in c h in g  t o  form  l i t t l e  v e e l e l e s  w hich  move 

in t o  th e c y to p l  asm .

An a l t e r n a t i v e  e x p la n a t io n  would b e  t h - t  th e s e  in v a g in a ­

t io n s  r e s u l t  fro m  a fu s io n  betw< >les and v e s i c l e s .  Such v e s i c l e *
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ap p ear t o  a c q u ir e  a f u s s y  c o a t  on t b e l r  c y to p la e m ic  s u r fa c e «  A 

p in o e y t o t i c  v e s i c l e  v i t l  an e x t e r n a l  fu s s -  c o a t  c a n  b e  s e e n  on

o f  p o ly r ib o s o a e e  sh o v in g  a h e l i c a l  c< n f i  ^ m t l o n  ( P i e .  3 0 b ) .  1t>eee 

s h o r t  h e l l c s l  fra & M n ts  re s e m b le  th e  X’T  h e l i c e s  o f  £ .  ln v ad en s  

d e s c r ib e d  b jr  S id d lq u l and R ld s ln s k a  (1 9 6 3 )  and t h e  JWF p a r t i c l e s  o f  

X . h i s t o l y t i c a .  f i r s t  s e n t io n e d  b y  Love and K a e g r a i t h  (1 9 6 9 )«

r ib o e o n a l h e l l o e s  a g g re g a te  to  form  a c r y s t a l l o i d  s t r u c t u r e  o r  th e  

e h ro n a to id  b o d y  ( f i e *  3 1 )*

d e s c r ib e d  s l s e v h e r e  (B ird  and P e C a u l, 1 9 7 6 ) .  In  a l l  s t r a i n s ,  th e  

r h a b d o r iru s  p a r t i c l e s  a r e  e i t h e r  s c a t t e r e d  th ro u j$ io u t  th e  c y to p lasm  

o r  a rra n g e d  i n  r o e e t t e s  around a r e a s  o f  s p e c i a l i s e d  cy to p la s m  

( F i g .  32 )«  The n uaber o f  r o e e t t e s  p e r  t r o p h o s o i te  v a r i e s .  P i g .  32 

shove 4 g ro u p s  o f  r o s e t t e s .

rh a b d o v iru s  i a  b u lle t - s h a p e d  v i r io n  v l t h  an c u t e r  e n v e lo p e  and tvo  

d le t in g u le t .a b le  h e l lo e s  ( P i g .  3 3 ) .

p a r t l e l e s .  O th e r  d i s t in g u is h a b le  f e a tu r e s  such a s  e n d o p la e e le  

r e t i o u l u e ,  e l  to c h o n d r lo n ,  and a t y p ic a l  6 o lg l  a p p a r a tu s  w ith  i t s  

s t a c k s  o f  f l a t t e n e d  s a c s  c o u ld  n o t b e  id e n t i f i e d .

th e  s u r f a c e  o f  th e  p la s n a li1 emaa ( f i g .  30b)

D . l  .2 d  R ^ bo n u cle o frro tg ln  f y t l c l a a  and h e l i c e s  

S c a t t e r e d  in  th e  c y to p la s e  o f  s a n y  am oebae a r e  fra g m e n ts

I n  so n s  t r o p h o s o i t e s ,  d u r in g  p r o - c y s t i c  s t a g e ,  s h o r t

D .1 .2 e  Hhat dov^yys g e r t t e j e a

Th e M orphology and th e  fo rm a tio n  o f  r h a b d o v ir u s e e  a r e

F u l l y  fo ra e d  v ir lo n e  d e e o n s tr a te  c h a r a c t e r i s t i c s  o f  a

D . l . 2 f

Th e r e e a in d e r  o f  th e  e y te p la s e  o o n s ls t s  o f  g ly e o g e n

I n  t h e  c y to p la s a  o f  t r e p h o a o lte s  o f  a x e n lc  s t r a i n ,  A xenle

200, are numerous lies of varying sise (20r an - 32C am)
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( P i g .  3 4 ) . T h ese  g r a n u le s  fo n t  a g r a n u la r  mass unbounded b y

M embranes. Th ey re s e m b le  th e p a r a n u c le a r  body f i r s t  d e s c r ib e d  

b y  P r o c to r  and G reg o ry  ( 1 9 7 4 a ) .

P a r a l l e l  a rran g e d  b u n d les o f  m ic r o fi la m e n ts  a r e  p le n t i f u l  

i n  Axenic 2 00  ( P i g .  3 5 ) .  In  s o n o z s n ic  s t r a i n s ,  how ever, th e  

f i la m e n ts  a re  a r ra n g e d  in d iv id u a l ly  ( P i g .  3 6 ) .

D .l .P g  S c a n n in g  e l e c t r o n  m icro s co p y  o f  Kntamo<
( » « ■ > . . « r M . l

Norn a l l y  th e  amoeba a p p e a rs  s l u g - l i k e ,  w ith  a s i n g l e  

pseudo podium p r o je c t i n g  in  f r o n t  o f  a  h u m p -like  main bod y ( P i g .  3 7 ) .

The a le e  o f  th e  pseudopodium  may w ary depend in g on th e  a c t u a l  

m o b i l i ty  o f  th e  am oeba ( F i g .  3 6 ) .  O s n o r a l ly  o n ly  one pseu dopod ius 

i s  see n  but u n d er c e r t a i n  c o n d it io n s  s e v e r a l  s m a lle r  p seu d o p o d ia  

n a y  flow  from d i f f e r e n t  p o s i t io n s  ( P i g .  3 6 ) .  The s u r f a c e  m orphology 

r e v e a l s  a smooth s u r f a c e  w ith  e l i c i t  I n f o ld in g  ( P ig .  3 9 ) *  w hich  can 

som etim es be f a i r l y  m arked d epend in g  on  th e  s t a t e  o f  th e  am oebae 

( P i g .  4 0 ) .  The a p p ea ra n ce  o f  th e  s u r f a c e  o f  th e  pseudopodium  and 

o f  th e  s a in  body o f  th e  amoeba i s  i d e n t i c a l .  At th e  ju n c t io n  

be tw een  th e pseudopodium  and th e m ain b o d y , how ever, h o r i s o n t a l  

s t r l  a t lo n s  on th e  s u r f a c e  would s u g g e s t  th a t  th e  sem brane i s  

s t r e t c h e d  ( F ig .  4 1 ) .  T h is  i s  n o t u n e x p e cte d  as th e  pseudopodium 

p la y s  an ls p o r ta n t  r o l e  in  am oebic m ovem ent.

Large o r a t e r s  o r  d e p re s s io n  d e s c r ib e d  by  Eaton  e t  a l .

(1 9 7 0 )  and F r o c to r  (1 9 7 4 )  on a n o e b ie  s u r f a c e s  have n o t b e en  

i d e n t i f i e d  in  th e  s p e d  mens used  i n  t h i s  s tu d y .

O e e a s lo n a lly  clum ps o f  e e l l u l a r  d e b r is  rem ain  s t ta o h e d  to  

th e  t a i l  end o r  u r o ld  o f  th e  amoeba ( P i g e .  38 ,  42 ) .  W ashing w ith  

PBS warmed a t  37°C b e f o r e  f ix a t i o n  rem oves th e  clumps r e v e a l in g  

t h e  t r u e  n a tu re  o f  th e  u r o ld  ( P ig s .  4 3 s ,  b ) .  Por ex am p le , f i lo p o d la  

a r e  see n  to  sp read  o u t  from th e  t a l l  end o f  th e  p roto so on  i n  a l l



81
d i r e c t i o n s  ( H e -  4 3b ) .  In  so n s  c a l l s ,  c o n sp ic u o u s  o y to p la s n le  

processes > which a p p e a r  to  h s  a o r p h o lo g ic a l ly  a i a l l a r  to  th a  u r o ld  

f l l o p o d l a ,  a re  e x te n d e d  a lo n g  th e  l a t e r a l  ed g es o f  th e  a s o e b te  

( f i C >  4 4 a ) • Some o f  th e  c .y to p la a a io  p r o c e s s e s  h a re  b l e b s  a t  th e  

en d  o f  th e  s t a l k s  ( P i g .  4 4 c ) ,  and in  o t h e r s  th e y  a p p ly  c l o s e l y  to  

t h e  s u b s t r a te  s u r f a c e  ( F i g .  4 4 b ) .  I t  i s  d i f f i c u l t  to  d e t e r s in e  

t h e  s l ^ i i f l c a n  o f  th e s e  o y to p la a a ic  s t r a n d s .  I t  s a y  b e  t h a t  th e y  

a r e  in v o lv e d  in  a n c h o r in g  th e  a a o eb ae  to  t h e  g l a s s - o u b s t r a t s  bu t 

t h i s  i s  open to  s p e c u la t i o n .  The p r o c e s s e s  a re  n ev er  s e e n  on th e  

u p p e r  e u r fa c e  o f  th e  a so eb a e  and a r e  a lw ays c o n fin e d  t o  a r e a s  

n e a r e s t  to  th e  s u b s t r a t e  s u r f a c e .
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D .2 .1

F Ig . 4r i l l u s t r a t a «  thè a t r u c t u r e  o f tha n o m « l  c u ltu r a d  

h r a in  c a l i « .  T h o  «1 to c k o n d r l« ,  with i t a  intern ai coir.; o n e n ta  th a

o r l a t a «  and tha ln trarltochondrla l granulas and tba « n d o p la s m le  

r e t l c u l u n  a r a  normal in appaaranca (F ig . 46 ). Tha c is t e rn a «  o r  

f l a t t e n e d  vasi e l e a  o f  granular «ndoplasmle r a t lo u lu n  a ra  atud d ad  

triti- r ib o s o m e s .

Chanca« in  tha Rhaaua fonkajr F ra ir . culturad c a l l a  .

A f t e r  th a  t r  . hoeoito i s  ndded to tha o a l l - l i n a  monolr.. a r ,  

f i n a  a t n i r t u r a l  ch an ga a ta h a  p la c a  in  th a  c u ltu r a d  c a l l a .  Tha 

■ i to c h o n d r ia  and o th a r  o r g a n a l i« «  a r a  s v o lie n  and th a  o a l l  n a rV rm a  

ahows a i  gna o f  b r e a k ln g  down ( F i g .  4 7 « )•  Tha c a l i  n a z t  t o  th a  

c o n ta c t  c a l i  l a  ln asin a  to  th a  t o x l c  e f f e c t  o f  th è  aa io eb a . F i g .  47a  

v a s  ta k a n  a f t e r  10  m in u ta s  o f  i n t e r a c t i o n .

F i g .  47b  show« c l a a r l y  a v o lla n  m ito ck o n d rla .  T h a 

o la  t e r n a «  • f  g r a n u la r  «n d o p lasm le r a tlc u lu m  bava da g a n a r  a t a d  

trito m a l i  v a s i  c i a o .

0.2.2 ( 'rana a t r u l n )  and CV-] cal 1-1 ina

F i g .  4ü i l l u s t r a t a «  th a  s t r u c t u r e  o f  th a  n orm al u n d am g ed  

CY-1 r o n o la jr a r .  Tha mi to c k o n d r l « , n u c l e i ,  «n doplasm le r a t l c u l u m ,  

g ly co g an  j  a r t i c i « « ,  l.raoaom aa, l l p i  i d ro j l a t a  and f i b r i l a  a r a  a l l  

p r e a e n t .  1%a o h ro m atin  o f  th a  n u e le u a  l a  di v i  dad in t o  l l g h t e r  

and d arfcar  a r e a « .  Tha d ensa a r a a a ,  known aa h a ta r o c h r o m a t ln ,  a r a  

s c a t t a r a d  m o sti.▼ « lo n g  th a  p e r ip h e r y  © f th a  n u e la u a . Th a p a l a r

up to  2 n u c l e o l i  p e r

i t  o f  th a  n u e la u a . U s u a i ly  

in  t l . i s  c u l t u r a  ( i g .  4 3 ) .



Th e c i s t e r n  ie o f  th e  ro u ^ i endoplns.T .ic r e t ic u lu m  are  

r e l a t i v e ! T  s h o r t e r  th an  th o s e  s e e n  in  th e  g l i a l  c e l l s ,  and th ey  

a r e  n o t  h e a v i l y  stu d d ed  w ith  r ib o so m es ( f i g .  4 9 ) .  When th e  c i s t e r n a s  

a r e  o u t t a n g e n t i a l l y ,  th e  r ib o s o a o s  a r e  se e n  to  o o o u r  in  groups 

fo r m in g  r o s e t t e s ,  w.-.ic). a r e  u s u a l ly  d e s c r ib e d  a s  p o ly r ib o s o m e s .

f '- lo ro  tu b u le s ,  ru n n in g  a c r o s s  th e  c e l l ,  w .i  th e  gol gi 

co m p lex es a r e  i l l u s t r a t e d  i n  T ig .  4 9 .

• )  q - f j .  I n  th e  CV-1 c . ^ .  .

D ra m a tic  p a t h o l o g ic a l  ch an g es w ith in  th e  c e l l s  o cc u r  

b e tw een  0  and 1 0  m in u tes a f t e r  th e  a d d it io n  i t  Sntam oc-ta 

h i s t o l y t i c a  trop h o zc  i t e a . Some c e l l s  ly s e  e o n p le t e lv  w ith in  5 

m in u te s  ( f i g .  r r ) w hereas o th e r s  take 30 m in u tes  ( P i g .  J J ) .  T h is  

t im e  d i f f e r e n c e  i l l u s t r a t e s  t h s  I n f lu e n c e  o f  f a c t o r s  su ch  as 

C hanges in  c u l t u r e  c o n d i t io n s ,  age o f  s u b c u l t u r e ,  d e g re e  o f  

c o n f lu e n c e  and i n t r i n s i c  p a t h o l o g ic a l  s t a t e ,  d e te r m in in g  su sc ep ­

t i b i l i t y  o f  o u ltu r e d  c e l l s  t o  l n f s c t l o n .  I t  i s  f o r  t h i s  rea so n  

t h a t  e v e n ts  l e a d i n g  t o  c e l l  d e s th  a r e  h e r e  r e c o r d e d  i n  term s o f  

p a t h o l o g i c a l  c h a n g e  b u t n o t n e c e s s a r i l y  i n  se o u s n e s  r e l a t e d  to  

tim e  la p s e  a f t e r  o o n t a c t .

On i n i t i a l  o o n ta c t  w ith  th e  am oebae, th e  o e l l a  ap p ear to  

bo  undam aged. n»o s u r f a c e  c o n f i g u r a t io n  l a  s l i g h t l y  a l t e r e d  as 

m i c r o v i l l i  i n c r .  a s  i t s  le n g th  ( T i .  . r.C ) . When c o n t a c t  i s  p ro lo n g e d , 

g r o s s  and r a p id  d e g e n e ra t io n  i s  s e e n  to  ta k e  p la c e  i n  th e  c e l l .

The m ito c h o n d ria  b e g in  to  l o s e  t h e i r  norm al s h a p e . n » e  m ito ch on ­

d r i a l  m a tr ix  b eco m es d i lu te d  a s  e v id en ced  b r  d e c re a s e d  d e n s i t y .  Tbs 

e l e e t r o n  d en se  m a t e r ia l  w ith in  th e  » s t r i a  m ig r a te s  t o  t h s  p e r ip h e ry  

s f  t h e  m ito c h o n d r ia .  I t  would seem  t h - t  th e  o u te r  ml to c h o n d r io a  

cham ber l y i n g  be tw e en  th e  two membranes o f  th e  m lt s c h o n d r ia l  

e n v e lo p e  and e x te n d in g  in t o  th e  s p a c e  betw een th e  c r i s t a s  s u f f e r s

II

I s a s  dsm rgs th a n  t h s  in n e r  cham ber c o n ta in in g  th e  m a t r i x .  The



c r l s t a e  a r e  a ls o  d is p la c e d  to  th s  p e r lp h e r y  and show v a r y in g  

d e g re e s  o f  d isa p p e a ra n ce  ( P i g s .  5 1 a , b ) .

T b s  c y to p la s n ic  m a tr ix  a ls o  lo s e s  i t s  o v e r a l l  d e n s i ty .

T h e ^ o l g i  a p p a ra tu s  e n l a r g e s ,  and such en larg e m e n t can  u s u a l ly  be 

r e l a t e d  t o  an In c r e a s e d  s e c r e t o r y  a c t i v i t y  in  o r d e r  to  com pensate 

f o r  t h s  l o s s  o f  p r o te in  seoondar.v to  o s l l  d e s t r u c t io n .  Ths endo­

p la s m ic  r e t ic u lu m  a ls o  u n d erg o es g ro s s  ch a n g e s . Ths c l s t e r n a e  o f  

th s  e n d o p la s m ic  r e tic u lu m  s w e l l  to  an enormous d eg re e  and a s  w ith  

th e  m ito c h o n d r ia l  m a tr ix ,  th e  end op lasm ic r e t ic u lu m  m a trix  becom es 

l e s s  d e n s e .  The p o ly rib o so m es a t  t h i s  s ta g s  a r e  s t i l l  a t ta c h e d  to  

th e  c i s t e r n a e  ( P ig .  5 1 b ) .  T h ere  i s  no a l t e r a t i o n  in  ap p earan ce o f  

th e  s e c o n d a r y  ly so so m es . S m a ll v e s i c l e s ,  w hich a a »  b e  p rim ary  

ly s o s o m e s , a l s o  show no dam age.

A t a  l a t e r  s t a g s ,  th e  m ito oh o nd ria  c o m p le te ly  b re a k  down, 

and th e  c o n t e n t s  o f  th e  m ito c h o n d r ia l m a trix  a r e  r e le a s e d  in t o  th s  

cy to p lasm  th ro u g h  b re a k s  i n  t h e  m ito ch o n d ria l l i m i t i n g  membranes 

( P ig .  5 2 ) .  Some o f  th e  ml to o h o n d r i a l membranes a r e  see n  to  b e g in  

to  d i s s o l v e .  The o r i s t a e  s t i l l  approx im ate to  p a r t s  o f  th s  ml t o ­

ohond ri a l  membrane ( P ig .  5 2 ) .  C yto p lasm ic  f i la m e n ts  a r e  p r e s e n t 

and n ay  h a v e  a r i s e n  from d is s o lu t i o n  o f  n le r o t u b u ls a  and n l c r o v l l l i  

( P ig .  5 2 ) .  T h s  sn d o p ls a n ie  r e t ic u lu m  i s  v e a io u la te d ,  and none o f  

th e r ib o s o m e s  have l e f t  th e  c i s t e r n a e  in d ic a t in g  d e g ra n u la tio n  o f  

rough e n d o p la s m ic  r e t ic u lu m .

Prolonged c o n ta c t  le a d s  t o  th e  breakdown o f  th e  cy to p la a m ic  

membrane. T s r y  few s w o llen  m ito ch o n d ria  a re  p r e s e n t  a s  most o f  

th s  m ito c h o n d r ia l  nembranea h ave d is s o lv e d  ( P ig .  5 3 ) .  P I lam en ts 

a re  seen  t o  accu m u la te  and m ost o f  th e  p o ly rib o so m es h ave n o t r e t  

f l i l l y  d is a g g r e g a t e d  as a t a n g e n t ia l  s e c t io n  th ro u g i th s  v s s io u la t s d

M

end op lasm ic r e t lo u lu n  s t i l l  r e v e a l s  groups o f  p o ly r ib o i





8«

f i n e - r e t i c u l a r  and d ev o id  o f  c e l l  o r g a n e l le « ,  th u s  r e s e m b lin g

e c to p la s m . A lon g t h e  w hole a r e a  o f  c o n t a c t ,  th e r e  a r e  s i t e s  o f  

ap p a ren t d i s c o n t i n u i t y  o f  o p p o sin g  membranes c h a r a c t e r i s e d  «/  

membrane f u s s i n e s s .  The p h a g o o y to tic  ch a n n e l i s  f u r t h e r  e x te n d e d , 

and th e  end o f  th e  c h a n n e l becom es in v a g ln a te d  to  form  r e s i d e s  

o r  sm a ll r a c u o le s  w hich  may bud o f f  fro m  th e  ch an n e l ( F i g .  5 9 ) *

The f a t s  o f  t h e s e  r e s i d e s  rem ain s un d eterm in ed  b u t i t  i s  assum ed  

t h a t  th e y  f u s e  w ith  t h e  am oebic ly so so m es  whose a c id  h y d r o la s e s  

may b r e a k  down t h s  c o n t e n t s  o f  th e  r e s i d e s .

T h e re  seem s t o  b s  no l i m i t  t o  th e  s i s «  o f  th s  p h a g o c y to -  

t i c  ch a n n e l ( F i g .  6 0 s ) .  The m iero p seu d o p od ia  s a y  expand and 

e n c i r c l e  th e  tr a p p e d  c e l l u l a r  d e b r is  ( F i g .  6 l a ) .  At h ig h e r  

m a g n if ic a t i o n ,  th e  d e ta e h e d  p ie c e s  o f  o e l l  plasm a m ectra n e  c a n  

b e  o b serv ed  a lo n g  th e  l i n i n g  o f  th e  p h a g o c y to tlo  b u lb *  an i n d i c a ­

t io n  t h a t  th e  c e l l  i s  e n g u lfe d  b y  th e  amoeba w ith  i t s  membrane 

i n t a c t .  The c e l l  i s  t h e r e f o r e  n o t y e t  ly s e d  when en g u lfm en t f i r s t  

ta k e s  p is e s  ( F i g s .  6 0 b ,  6 l b ) .

V I th in  th e  c h a n n e l ,  f u r t h e r  d e g ra d a tio n  o f  th s  o r g a n e l l e s  

ta k e s  p l a c e ,  le a d i n g  t o  th e  d is r u p t io n  o f  th e  ssm b ran s-b ou nd  

o r g a n e l le s  c o n t a in in g  th e  m y s l i n - f i g u r s s  (s e co n d a ry  ly s o s o m sa )  .

( F i g .  6 1 b ) .  The m ic r o tu b u le s  d is s o c i a t e  in t o  f i la m e n ts  end th e  

p o ly rib o so m e s d e g r a n u la t s  from th e  en d o p lasm ic  r e tic u lu m  ( F i g .  6 l b ) .  

The m ito c h o n d r ia l  mesibrnme i s  see n  to  b e g in  to  d is s o lv e  a s  e l e c t r o n  

d en se p a r t i o l e s  a r e  s e e n  to  ev a p o ra te  from  th e  s u r fa c e  o f  th e  

o r i s t a e  ( F i g .  6 2 ) .

C e l l u la r  d e b r i s  i s  n o t o n ly  ta k e n  in  a t  th e  pseu dopod ium , 

a s  in  F i g  6 3 ,  p a r t i c u l a t e  m a te r ia l  i s  a l s o  trap p ed  by  e a » l l  c y t o ­

p la s m ic  p r o t r u s io n s  o r  f l lo p o d ia  a t  th e  u r o id  end o f  th e  am oeba.

The m arg in s o f  su ch  f i l o p o d l a  fu s e  and th e  m a te r ia l  th en  movee i n t o
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th e  e v t o p l u a  m  a  T tc u o l« .  The fo rm a tio n  o f  a  ■ ■ a l l  v e s i c l e

c an  b e  o b s e r v e d  a d ja c e n t  t o  th e  in n e r  c o a t  o f  th e  v a c u o le .  The 

u r o ld  l a  s u r ro u n d e d  by  an i r r e g u l a r  clump o f  e l e c t r o n - d e n s e

m a t e r ia l  i n c l u d i n g  a t r ln g a  o f  m ucoid  s u b a ta n c e .

T i 64a  show s an am oeba in  such  a  l e s i o n .  The s u rro u n d ­

i n g  o a l l s  ar«* i n j u r e d ,  as  i n d i c a t e d  b y  p a th o l o g ic a l  ch a n g e s  su ch  

a s  s w e l l in g  o f  t h e  n u c l e a r  n e .b r a n e ,  c lum pin g  o f  th e  n u c l e a r  

c h r o m a tin  m a t e r i a l ,  s w e l l in g  o f  th e  a ito c h o n d r l a l  and en  do p i  a s  ml c 

r e t ic u lu m  and b r e a ir  own o f  th e  p lasm a  membrane. The pseudopodium  

i s  s e e n  t o  i n g e s t  a  m em brane-bound s t r u c t u r e ,  p r o b a b ly  a s e c o n d a r y  

ly s o s e m e . At t h e  o p p o s i te  end o f  th e  j seu  do podium i a  th e  u r o ld  

o r  t a i l  e n d . T h is  u r o id  i s  h e a v i l y  surroun d ed  b y  d u m p s o f  d e b r i s  

w i l d  in c lu d e  s w o l le n  s i t o o h o n d r ia  r e le a s e d  from  ly s e d  c e l l s  and 

s t r i n g s  o f  m u co id  s u b s ta n c e  ( F i g .  64b ) .  Apart from  th e  a lm o st 

d e ta c h e d  c y to p la s m ic  p ie c e  o f  u r c l d ,  even  s m a l le r  b i t s  o f  e c to p la s m  

a r e  a ee n  t o  bud o f f  c o n t in u o u s ly  from  th e  s u r f a c e  o f  th e  la r g e  

e c to p la s m ic  p i s e s  ( F i g .  64b ) .

T b s  m i c r o v i l l i  o f  t b e  s u rro u n d in g  c e l l s ,  d i s t i n g u i s h a b l e  

b y  in t e r n a l  n lc r o t u b u l e s ,h a v a  a  p e c u l i a r  a t t r a c t i o n  f o r  tb o  u r o id  

and th s y  a r e  •c m  t o  p o in t  to w ard s th a  am oebae, e s p e c i a l l y  th e  

a r c  1 4  ( F i g s .  64b ,  6 9 ) .

D . 2 . J  ^ h i s t o l y t i c a  ( svan s s t r a i n )  and PP-YT c e l l - l i n e

The s t r u c t u r e  o f  th e  n orm al undamaged l i v e r  c e l l - l i m e  

m on o layer i s  show n i n  F i g .  6 6 ,  « h i eh  i l l u s t r a t e s  good c o l l  c o n t a c t  

betw aen  a d ja c e n t  c e l l o .  7>e m oat n o t i c e a b e  f e a t u r e s  o f  th e  c a l l ­

l i n e  a r e  th e  s l t o o h o n d r i a ,  e n d o p la s m ic  r e tic u lu m  and m ic r o b o d le n .

The m it o c h o n d r i a ,  w hich  a r e  mare o v a l-s h a p e d  th a n  th o s e  

aeo n  i n  o t h e r  c e l l - l i n e s ,  a r e  n u m ero u s. I t s  c r i s t a s ,  l a m e l l a r  im 

s h a p e , a r e  a b u n d a n t , and tb e  - p e n e t r a t e  r i ^ t  th ro u g h  t h e  m a tr ix
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I n  i o i e  c a l l a ,  th a r a  l a  a  r e a a r k a b le  h y p e r tro p h y  o f  (rolgl 

coaplazaa r a f l a c t i n g  an in c r a a a e  ln  a e e r e t o r y  s v n th e a ls  to  e o a p a a -  

a a ta  f o r  p r o te ln  lo a a  dua t o  a a o ab lc  t o z l c  ln t a r f a r a n c a  ( F i g o .  6 9 ,  

70).

S v e l l l n g  o f  tb a  a l  to ch o n d r la  l a  a o t  tb a  o n ly  pbanomanon 

t o  ta k a  p la c a  aa a c o n ra r a o  chan ga,  a i t o c h o n d r ia l  o on d an aation  c a n  

o c c u r  ( F i  g e .  71»  73»  7 4 )»  H ara , tb a  a l to o b o n d r ia  a ra  g a n a r a l ly  

• ■ a lia r  th an  tb o a a  found in  u n a ffa c ta d  l l r a r  c a l l a ,  and tb a r a  l a  

a  d e f i n í t a  ln o r a a a a  ln  tb a  d a n a lty  o f  tb a  a a t r l z .  Tba c r l a t a a  

b aza  a la o  changad c o n f íg u r a t io n  aa aoaa o f  tb a  a l t o c h o n l r i a  a b o *  

tu b u la r  c r l a t a a i  an i n d ic a t ió n  o f  t r a n a f o r u a t lo n  f r o a  l a a e l l a r  

t o  tu b u la r  f o r a a .

W * .  71 a la o  abowa v e a lc u la t lo n  o f  tb a  e l a te r n a e  o f  

a n d o p la a a le  r e t l o u l u a .  Tba e la te r n a e  a r a  e v o l l e n ,  and tb a  a a t r l z  

l a  la a a  d en a e . The r lb o a o a a a  a r a  aaan l a a r l n g  tb a  c l a t e m a a .

Manr f l l a a a n t a  a r a  p r e a e n t  l n  tb a  c y to p la a a ,  and t h a -  a ra  p r c b a b ly  

p a r t  o f  d le i n t e g r a t in g  u lc r o tu b u la a .

Tba n u c la u a  a la o  u ad erg oea p a t b o lo g lc a l  chan ga■ Tba 

f l r a t  n o t i c a a b l a  ap p a a ra n ca  l a  tb a  o o n d an aatio n  o f  o b r o a a tin  a lo n g  

t b a  p a r lp b a r r  o f  tb a  n u c la u a . Tba n u c le a r  an T a l opa l a  a la o  a w o lle n

(ri«a. 71, 77).

F u r tb e r  o o a ta a t  lo a d a  to  a r e d u c t lo a  ln  d a n a lty  o f  tb a  

e y to p la a a lc  a a t r l z  ( f l | .  7 2 )  aa ln d lc a te d  b y  e y to p la a a lo  a a t e r i a l a  

u b le h  h ora la a k a d  f r o a  tb a  o e l l .  Pro lo ng ad  c a t a c t  load a t e  

a l a o a t  o o a p la ta  la a a  a f  e y to p la a a lc  a a t r l z .  V bat l a  r a a a r k a b la  a t  

t b l a  a ta g a  l a  t b a t  tb a  eo n daaaed  a lto o b o n d r ia  and tb a  a a a le u la ta d  

• i a t a m a a  o f  tb a  a n d o p la a a le  r e t lo u lu n  a t i l l  r a t a l n  t b a l r  abapa 

( F l g .  7 3 ) .  ^»ob b e b a v lo u r  l a  n o t ea ld a n t l a  f*T -l c u l tu r a  c a l l a .

Tba o b r o a a tin  o o n tin u e e  to  eondenae a lo n g  tb a  p e r lp h e r v  o f  tb a
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n u c le u s ,  th e  i n t e r i o r  o f  w hich i s  a lm o st b a r e  ( f i g »  7 3 ) .

S r e n t u a l ly  th e  c .r to p la s a lc  membrane b rea k s  down, 

r e le a s i n g  th e  c e l l u l a r  c o n te n ts  in to  th e  s u rro u n d in g  medium ( F i g s .

74# 7 5 )»  Some m ito c h o n d ria  a r e  s w o llen  b u t  a o s t  a re  s t i l l  i n  a 

condensed s t a t e .  The r e s l c u l a t e d  c i s t e m o e  a r e  seen  to  b e  s w o l le n .

The n u c le a r  c o n te n ts  a r e  a lm o st lo s t#  th e  n u c le o lu s  a lo n e  b e in g  

c l e a r l y  s e e n  ( F i g .  7 4 )«

F i g .  75  shows t h e  ly s e d  c e l l s  n e a r  th e  amoeba. Ones th e  

o i s t e m a e  o f  en d o p lasm ic  r e t ic u lu m  a re  r e le a s e d  in to  th e  su rro u n d in g  

n ed i m# s w e l l in g  o f  th e s e  c l s t e m a e  i s  s c c e l e r a t e d .  F I  c ro  b o d ie s  

a re  p r e s e n t  w hich do n o t  s e e n  to  be a f f e c t e d .  Condensed n i t s -  

o h o n d ria  h a re  s t i l l  n ot#  a t  t h i s  s ta g e #  chan ged  sh ap e . A lthough 

so ns n u c le i  assum e a s p h e r i c a l  shape# th e  two n u c le i  see n  in  F i g .

75 v s  d i s t o r t e d  due to  b a l lo o n in g  o f  th e  n u c le a r  e n v e lo p e .

») » tiiJ j o f w b .  1 .  contact r t t t  to .«  o i l  I

As in  a  CT—1 m on olayer#  g ro s s  c h a n g es  w ith in  th e  e s l l  

a f t e r  am oebic o o n ta c t  a r e  r a p id  ( F ig s .  7 6 s ,  b ) .  I b t  m icr o tu b u le s  

p la y  an in p o r ta n t  r o l e  i n  m a in ta in in g  c a l l  s h a p e . D is s o c ia t io n  o f  

th s  m ic r o tu b u le s  in t o  f i l a m e n t s  le a d s  to  a l o s s  o f  c e l l  r i g i d i t y .  

Under suoh a o ass#  th e  p lasm a  membrane becom es more p l i a b ls #  and 

i s  more prone t e  th e  p a -► in g a c t io n  o f  th o  am oeba.

B eo au se o f  b o th  good con i a c t  b e tw een  am oebis p lasn a len m a 

and th e  e s l l  membrane# and f l e x i b i l i t y  o f  th e  h o s t - c e l l  m embrane, 

any norememt o f  th s  p la s n a le a m a  o f  th o  amoeba a ls o  a f f e c t s  th e  

shape o f  th e  s e l l .  An ex am p le  i s  shown in  F i g .  7 6 s ,  w here due to  

th e  a c t I r e  tu rn o v e r  o f  th e  am oebic  plasaalem m a# th e  c e l l  p lasm a 

n e rb ra n *  shows n ark ed  i n f o l d i n g .  Tho am oebic e y to p la s n  a lo n g  th e  

c o n ta c t  a r e a  shows i n c i p i e n t  f i l l i n g  w ith  an e l e c t r o n  opaque

s u b s ta n c e  and n e i t h e r  good r a c u o le s  n or  p a r t i c u l a t e  n a t t e r  a r e
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p r e s e n t  I n  t h i s  a r e a .  T bs c o n ta c t  a ren a  r e v o a l s i t e s  o f  

c o n s p ic u o u s  d is c o n t in u i t y  in s ta n c e d  by Membrane f u s s i n e s s  (T ig .  

7 7 » ) ,  E v e n tu a l ly ,  p ie c e s  o f  a t ta c h e d  h o s t - c y t o p la s n  e r e  drawn 

i n t o  th e  i n t e r i o r  o f  th e  anoeba b y  th e  e c to p la s n  (T ig .  7 7 b ) .  The 

p h a g o c v -to tic  c h an n e l i s  s e e n  to  deepen and a o a t  o f  t h e  l i v e r  e r t o -  

p l a s n l c  M a te r ia ls  a r e  drawn in t o  a c h an n e l w ith  a  b u lb o u s  end 

( f l f f  7 8 s ) .  The n u c le u s  i s  a ls o  drawn in t o  th e  o h a n n e l .  r i g .  78c 

show s s o n s  n u c le a r  com ponents b e ln f f  ao d ragged w ith  s u c h  f o r c e  

t h a t  th e  n u c le a r  n en b ran e i s  to rn  a p a r t .  The o r g a n e l l e s  o f  t h i s  

e f f e c t e d  c e l l  a r e  danagod bu t to  a M inor d e f fr e s . Am c o n d e n s e d  

n i to c h o n d r 1 a w ith  c o n c e n tr a te d  c r i s t a s  and n o n -e w o lle n  v e s i o u la t e d  

c i s t e r n a s  o f  th e  e n d o p la s n lc  r e t lo u lu n  a r e  s t i l l  p r e s e n t  ( P i g .  7 8 b ) ,  

i t  i s  l i k e l y  th a t  t h i s  c e l l  i s  l e s s  s u s e e p t ib l e  to  a s o o b i e  t o x ic  

s u b s t a n c e .

The p h a g o e r to t lc  c h a n n e l and i t s  b u lb  c o n t a i n  n u aero u a  

r ib o s o m e s , s n a i l  v a c u o le s ,  v e s l c u l a te d  en d op lasm ic r e t i o u l u a  and 

f l l w e n t s  ( E l f f .  7 8 s ,  7 8 d ) .  P r o b a b ly , s a a l l  v e s i c l e s ,  a l t h o u ¿ >  n o t 

s e e n ,  f o r a  on th e  s u r f a c e  o f  th e  b u lb  and th e s e  bud a n d  f u s s  w ith  

ly o o s o a e s *  Such fu s io n  would r e s u l t  in  th e  r e l e a s e  o f  a c i d  hyd ro ­

l a s e s ,  w hich  s u b s e q u e n tly  would breakdown th e  v e s i c u l a r  p r o d u c ts .

r i f f *  79 i l l u s t r a t e s  th e  d i f f e r e n c e s  b e tw een  an  I n f e c t e d  

and n o n - i n f e c t e d  c e l l .  The in f e c t e d  s e l l  00 n t a l  n s s w o l le n  m ito ­

c h o n d r ia  and e « d o p la s s ie  r e t lo u lu n .  The d i f f e r e n c e  i n  n u c l e a r  

s t r u c t u r e  i s  a p p aren t a s  th e  in f e c t e d  n u c le u s  shows e x c e s s i v e  

s a r f f ln a t lo n  o f  o h r o a a t ln ,  w hich i s  n o t see n  in  u n a f f e c t e d  n u c l e i .

Vo a a o e b ic  s u r f a c e - 1  yeoso n e w ith  i t s  t r ig g e r  Mechanise 

o r  an y o t h o r  tr ig ge r  n o e h a n lsn  was observed.





M
clu m p s o f  o e l l u l a r  d e b r i s  and b a c t e r ia  o c c a s io n a l l y  b eco n a 

d a ta ch e d  from th e  u r o id  and and b eco ae a g g lu t in a te d  o n to  an y a o l id  

a u b a t r a te  e . g .  g la a a  ( F i g .  8 7 a )  o r  th e  s u r f a c e  o f  an a f f a o t a d  o a l l  

( F i g .  8 7 b ) .

Some c e l l a  1 - s e  and aa a  r e s u l t ,  th e  amoeba i e  c o a te d  

w ith  o a l l u l a r  d e b r ia ,  w hich  a r e  e v e n tu a l ly  c a r r ie d  to  i t a  u r o id  

and  ( f i g .  8 6 b ) .  M ucoid th re a d a  e x te n d in g  from  th e  t a l l  and o r  

u r o id  can  be lo n g  and th e y  acme t in e a  rem ain  a t ta c h e d  to  th e  am oebic 

s u r f a c e  and n e ig h b o u r in g  c u l tu r e d  c e l l s  ( f i g .  8 8 a ) .

The Htri3 m o n o la y e r , growr. on n u c le o p o re  f i l t e r s ,  shows 

ev en  more e x te n s iv e  c r o o k in g  a lo n g  c e l l  Ju n c t io n s  than  th o s e  see n  

on g l a s s - c u l t i v a t e d  c e l l s  ( r i g s .  8 8 b , » 8 c ) .  The w idth o f  th e  

c r a c k  l a  ap p aren t i n  f i g .  8 8 c .  The n u c le o p o re  f i l t e r s  have p o re e  

w h ich  p ro v id e  a d d it io n a l  an ch o ra g e  f o r  th e  c e l l s ,  which i n s e r t  

c y to p la s m ic  p r o c e a s e s  fro m  th e  u n d ers id e  o f  th e  e e l  I s  in to  th e  

p o r e s  ( f i g .  8 8 d ) .  Such  s t r o n g  suppo rt p r e v e n ts  p o s s ib le  l a t e r a l  

movement o f  e e l l s  A i r in g  c r i t i c a l  p o in t d r y in g . The N u cleo p ore 

f i l t e r  l a  th u s n o t s u i t a b l e  f o r  o b s e r v in g  m on o layers o f  e p i t h e l i a l  

c e l l - l i n e s  under th e  s c a n n in g  e l e c t r o n  m ic r o s c o p e .
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D .3  LIGHT AJTD ELECTROH CTTOCHEKICAL UrTBSTIOATIOITS OF

CBLL-CTTLTOHES AJTD X . HI3TOLTTICA TROPHOZOITE

Th« d is t r i b u t i o n  o f  sn sy n e s  in  c e l l s  and tr o p h o s o l te a  

• u s l n a d  b y  l i g h t  n ic r o a c o p y  i s  shown in  T s b l s s  V I and V II  .  Tha 

r e s u l t s  o f  h ls to sn m y m o lo g le a l l i ^ i t  a l c r o s c o p y  o b a a m t l o n s  o f  th s  

r e s p o n s e s  o f  th s  RK 1J t o  th s  i n t e r a c t i o n  w ith  th e  t r o p h o s o i te s  o f  

X . h i s t o l y t i c a  a re  a ls o  ta b u la te d  in  T a b le s  V I and V II .

D .3 .1  L y s o s o sa l e r .z v e a

L ig h t s j c r o s c o t y  l e v e l  1 a )  O o n o rl te c h n iq u e  » At 

l i g h t  s i .c r o s c o j . i c  l e r e l ,  d i s t i n c t  g r a n u la r  d e p o s i t s  a r e  se e n  in  

t h s  s y t o p l a s s  o f  th s  R r i  3 m on olayer ( P ig *  ® 9 ) .  The ensyme s t a i n i n g  

▼ a r is e  from  one e s l l  t o  a n o th e r , and i t  a p p e a r s  t o  be on an a l l  o r  

non e b a s i s .  A s l i g h t  d i f f u s a  o y to p la s s lo  and n u c l e a r  s t a i n i n g  in  

n o t i c e d  b u t  t h i s  does n o t  o b seu re  th e  a e tu n l  r e a c t i o n  s i t s .

S t e l n l n g  i s  a b s e n t when th e  o u ltu re d  c e l l s  a r e  ln e u b a te d  in  a medium 

l a c k i n g  ^ - g ly c e r o p h o s p h a te .

A f te r  th e  a d d it io n  e f  t r o p h o s o i t e s  t o  R P 1 J ,  th e r e  i s  no 

i n c r e a s e  o r  d i f f e r e n c e  in  e l s e  o f  th e  p a r t i e l e s  c o n ta in in g  a c id  

p h o s p h a ta s e  ( P i g .  9 0 ) .  E v e n tu a l ly ,  t h e r e  l a  a  p r o g r e s s !  ve 

e n la rg e m e n t o f  such p a r t i e l e s ,  whose e l s e  c a n  b e  a s  la r g e  aa th e  

n u c le u s  o f  th e  amoeba ( P i g .  > 1 ) .  Ths r e a c t i o n  p r o d u c t i t s e l f  i s  

S t i l l  o o n f in e d  to  th e s e  p a r t i c l e s .

A f t e r  p ro lon ged  s o n t a c t ,  th e  s t a i n i n g  i n  some h o s t  e e l l s  

i s  g e n e r a l l y  d i f f u s e ,  an in d ic a t io n  th a t  th e  ly s o s o n e s  have d is r u p ­

t e d .  I n  o t h e r s ,  ly s o s o n e s  c o n ta in in g  th e  en  s y n e - p r o  d u ct e n la r g e  

w ith o u t d is r u p t io n  ( P i g .  9 ? ) .  One c e l l ,  w ith  u n d la r u p te d  ly s e s o m e s , 

i a  s e e n  b e in g  drawn in t o  th e  p h a g e c y te t ic  c h a n n e l e f  th e  amoeba 

( F i g .  9 2 ) .

b )  Aso-dye te c h n iq u e  1 The d e n s i t y  o f  r e a c t io n  p ro d u c t
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i s  w eak er th a n  when -g ly c e ro p h o s p h a te  i a  u s e d  aa  n a u b a t r a te .

The r e d  d e p o s i t s  can  j u s t  b e  v i s u a l i s e d  ( F i g .  1 9 9 ) »  but th e  s t a i n ­

i n g  i s  g e n e r a l ly  d i f fu s e d  as a s l i g h t  o r a n g e —r e d  o o lo u r i s  d e te o te d

i n  th e  c y t o p la s s  o f  RK13 c u ltu r e d  c e l l s .  S t a i n i n g  la  a b s e n t in  

c e l l s  in c u b a te d  i n  a s u b s t r a t e - f r e e  medium.

C u ltu re d  o e l l s  in f e c t e d  w ith  t r o p h o s o l t e s  show a  r e d d e r  

c o lo u r  i n  th e  c y to p la s m , b u t ly s o e o a e s  c o n t a i n i n g  th e  r e a c t io n  

p ro d u c t a r e  d i f f i c u l t  to  s e e .  A f te r  1 to  2  h o u r s  o f  i n t e r a c t i o n  

round p a r t i c l e s  c o n ta in in g  th e  r e a c t io n  p r o d u c t  a r e  v i s i b l e  in  

th e  c y to p la s m  o f  th e  am oebae ( F i g s .  93»  2 0 0 )  .  O b v io u sly  th e s e  a r e  

e y t o p la s a io  p ie c e s  o f  RK13 b e in g  d ig e s te d  i n  a m o e b ic  v a c u o le s .

T h ese  v a c u o le s  a r e  g e n e r a l ly  o o n fin e d  to  t h e  a m o e b ic  body a s  

v a c u o le s  c o n t a in in g  a c id  p h o sp h atase  a r e  a b s e n t  i n  th e  p seu dopod lua 

( P i g s .  9 3 »  9 4 ) .

S le c t r o n  m icro sco p y  l e v e l « At th e  e l e c t r o n  m icro sco p y  

l e v e l »  th e  o n ly  o r g a n e l le s  o f  RK1 3 which a r e  s t a i n e d  f o r  th e  ensyme 

a r e  th e  ly a o a o a e s  ( P i g s .  95a»  b )  where th e  d e p o s i t s  a r e  c o n fin e d  

e i t h e r  t o  i t s  membranes o r  i t s  o o n te n ts .  A d e q u a te  p r e s e r v a t io n  o f  

th e  n u c le u s  and th e  v a r io u s  o r g a n e l le s  e s p e c i a l l y  th e  m ito ch o n d ria  

i s  n o t i c e d  i n  b o th  o f  th e s e  f ig u r e s  ( P i g s .  9 5 a »  b ) .  Vo s t a in in g  

i s  see n  in  RK13 c e l l s ,  a p a r t  from  a few le a d  d e p o s i t s  l a  th e  c y t o ­

p la s m , i n  s u b s t r a t e - f r e e  m edia b o th  in  COT an d  >9-g ly c e ro p h o s p h a te  

m ethods ( P i g .  9 4 ) .

Pnsvme s t a i n i n g  ap p ears  to  be on an  a l l  o r  n o th in g  b a s i s  

a s  some c e l l s  f a l l  t o  show r e a c t io n  prod u et i n  t h e  ly s o s o a e s *

Ron—e n s v a a t l c  d e p o s it io n  o f  le a d  can  be aeen  i n  t h e  n u c le i  b o th  o f  

R F 13 c e l l s  and o f  am oebae.

I t  m ust b e  em ph asised  th a t  th e  u l t r a t b l n  s e c t io n s  w ere 

n o t o o u a te r s ta im e d  in  o rd e r  to  p re v e n t u n s e l e e t i v e  rem oval o f  th e
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D .J .n >  H o n -C j> e c lflc  M te r » » «

L ig h t m icro s co p y  t a )  oC -n a p h th y l « c a t a t a  n etbod  » 

S a e t í ons o f  «ouaa k id n e y  d em on strate  a l t a «  o f  ans-w e a c t l r l t y  

a p p e a r ! n g  in  th a  e y tc p la a n  o f  co n v o lu te d  tu b u la a  (T ig .  1 9 8 ) *  The 

i n a c t i o n  prod u ct baa  s l i g h t l y  d lf fu a a d  in t o  th a  h ruab b o rd a r  o f  

th a  tu b u la a . >o r e a c t io n  l a  p raaan t I n  th a  g lo m e r u l i .

i n j  c u ltu r a d  c a l l a  show a v e ry  a t r o n f  c y to p la s n le  

r e a c t i o n  o f  n o n -a p a c i f lo  e a t e m a a i  ao a t r o n é  th a t  i t a  n u c le i  c an ­

n o t  ba  aaan  (T ig .  1 0 6 ) .  ftitanoab». M u to l  - t i c a  t r o p h o a o lta a  show 

no r e a c t i o n .

N o n -ap e cif i e  « a t a r a c e  in  RF13 c a l l a  s u rro u n d in g  tb a  

am oebae enheneea a f t e r  p ro lo n g e d  i n t e r a c t i o n .  F l g a .  107  and 108  

l l l u a t r a t a  both  tb a  p r o c e s a l  ve ln c r a a a a  i n  e l s e  o f  tb a  1 « a lo n a  and 

th a  enhancem ent o f  non—e p e c l f l c  e e te r a e e  in  a f f o o t e d  c a l l a .  F i g .

1 0 7  wae tak en  a f t e r  15  e in u t a a  o f  i n t e r a c t i o n  and F i g .  108  a f t e r  1 20  

a i n u t e a .  I t  vac n o t p o a a ib l e  to  in v e s t i g a t e  w h eth er  auck in c r a a a e  

i n  r e a c t io n  prod uct i a  due t o  d le r u p tio n  o f  ly n o s o e e a .

D uring th e  i n i t i a l  a ta g e  c f  c o n t a c t ,  un l.reed  c a l l a  

au rro u n d in g  th a  an oabaa abow an a l t e r a t i o n  in  m ic r o v i l l i  le n g th  

( F i g .  1 0 9 ) .

E ven tu al 1." a  l e a io n  i a  d ev e lo p ed . Tha an oaba I n i t i a l l y  

ahowa no enayne a c t i v i t y  ( F i g .  2 0 1 ) .  A f te r  one h our o f  in t e r a c t i o n  

d e f i n i t e  p a r tio le -b o u n d  r e a c t io n  p rod u ct«  a r e  p r e a e n t w ith in  th e  

a a o e b a a  ( F i g .  2 0 2 ) .

Ho en em a r e a c t i o n  in  RF13 e e l l a  i a  a ee n  whan th e au b - 

a t r a t e  l a  o n i t t e d  from th e  in c u b a tio n  e e d iu n .

b )  In d i g o g en ie  ln d o x y l nethmd t  S e c t io n «  o f  nouae 

k id n e y  ahow an a ín a  a c t i v i t y  in  th a  e y to p ln e a  e f  c o n v o lu te d  tu b u la a  

( F i g .  2 0 3 ) .  Vo r e a c t io n  p ro d u c t l a  found in  th e  g l o e a r u l i .  T h le
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m ethod was u s e d  o n ly  on B . h i s t o l y t i c a  t r o p h o z o i te s  a n d  n o  r e a c t io n  

s i t e  o f  n o n - s p o c l f l c  e s t e r a s e  i s  d e te o te d  even  a f t e r  1 8  h o u rs  o f  

in o u b a t io n  a t  3 7 °C .

o )  In d o x y la z o  m ethod t A p a t t e r n  o f  d i s c r e t e  brown 

d r o p le ts  i s  o b s e rv e d  in  RK13 c e l l s ,  and t h i s  i s  i n t e r p r e t e d  as 

b e in g  s i t e s  o f  ly ao so m es  ( P i g .  1 1 0 ) .  The r e a c t io n  p r o d u c t  i s  a ls o  

d e p o s ite d  th ro u g h o u t th e  c y to p la sm  o f  some c e l l s f  an  i n d i c a t i o n  

th a t  d i f f u s io n  o f  th e  f i n a l  r e a c t io n  p rod u o t h as t a k e n  p l a c e .  The 

e o lo u r  o f  th e  c y to p la s m ic  d i f fu s e d  r e a c t i o n  v a r ie s  f ro m  p u r p le  to  

d ark brow n.

The enzyme s t a i n i n g  a g a in  a p p e a rs  to  b e  on an  a l l  o r  

n o th in g  b a s i s  a s  ly s o s o a e e  show e i t h e r  a p p r e c ia b le  d e p o s i t s  o r  none 

a t  a l l .  Lymosomes o f  th e  g ia n t  m u lt ln u c le a t e  c e l l s  t e n d  t o  s t a i n  

more h e a v i l y  th a n  th o s e  o f  norm al c e l l s  ( f i g .  1 1 1 ) .  T h e  t r o p h o z o i te s  

show no r e a c t i o n .  As ly so so m es in  RK13 c e l l s  b e a r in g  t h e  r e a c t io n  

p rod u ct a r e  few  in  n um ber, th e  in d o x y la s o  m ethod was n o t  u s e d  to  

in v e s t i g a t e  th e  r e s p o n s e s  in  th e  ly s o s o m a l n o n - s p e o i f l c  e s t e r a s e  

o f  h o s t  e e l l s  t o  am oebae.

D .3 .1 S  &rj} s u lA -l ja ta s t

L i< & t m icro s co p y  i a )  L e a d - n i t r o c a t e c h o l  s u l p h a t e  

method i  G ra n u la r  d e p o s i t s  a r e  e a s i l y  o b se rv e d  in  th e  c y to p la s m  

o f  th e  BK13 c u l tu r e d  o e l l a  ( f i g .  1 1 2 ) .  A lthough d e p o s i t s  a r e  se e n  

in  l y s o s o s e s ,  s l i g h t  c y to p la s m ic  and n u c l e a r  s t a i n i n g  v a r i e s  f r o a  

c e l l  to  c e l l  and i s  more p rom in en t in  g ia n t  m u l t i - « u e l e a t s  c e l l s  

( f i g .  1 1 3 ) -  The ly n o s o n e s  b e a r in g  a r y l - s u lp h a t a s e  a r e  g e n e r a l l y  

s m a lle r  th a n  th o s e  c o n t a in in g  a c id  p h o s p h a ta s e . Ho s t a i n i n g  i s  

o b serv ed  i n  th e  am oebae.

n>e I n f e c t e d  c e l l s  i n i t i a l l y  show no e n la r g e m e n t  o f

ly s o s o s e s  ( f i g .  1 1 4 )«  P ro lo n g ed  c o n t a c t  e i t h e r  le a d s  t o  a
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pro  « r e f a i r e  l n c r u u e  i n  th o  lr « o » o « a l  « 1 m  ( F i g .  1 1 9 )  o r  e a u « « (  

no f u r t h e r  ohan g« in  th o  a i e *  o f  th o  membrane—bound p a r t i c l e s .

b )  S ln u lta n o o u a  co u  l i n g  m ethod a The c o u p l in g  m ethod 

woo u se d  o n ly  o n c e . No en z y m a tic  r e a c t i o n  p r o d u c t can  bo o b s e r v e d  

e i t h e r  i n  t h e  RJC13 c e l l o  o r  ev en  in  th e  c o n t r o l  k id n e y  s e c t i o n s .

E le c t r o n  m ic r o s c o p y  l e v e l  a The f i n e  g r a n u la r  b ariu m  

p a r t i e l e s  o r e  d e p o s ite d  o v e r  d e n se  b o d ie s  w ith in  th e  ly s o s o m e s  o f  

u n a f f e c t e d  RK13 c e l l s *  The d i s t r i b u t i o n  o f  th e  r e a c t io n  p r o d u c t 

v a r i e s  a c c o r d in g  to  th e  ah ap e o f  th e  d en se body| i t  can  b e  

d i s t r i b u t e d  e i t h e r  l r r e g u l a r l v  ( F i g .  1 1 6 )  o r  e v e n ly  ( f i f f .  1 1 7 a ,  

1 1 7 b ) .  O c c a s io n a l ly ,  s m a ll  b ariu m  p r e c i p i t a t e s  ap p ea r i n  s m a ll  

v a c u o l a r - l i k e  s t r u c t u r e s ,  p re su m a b ly  p r im a ry  lv so so m eo  ( F i g .  1 1 7 b ) .  

P r e s e r v a t i o n  o f  th e  n u c le u s  and th e  m ito c h o n d r ia  i s  a d e q u a te  th e  

d i s t r i b u t i o n  o f  en syn e a c t i v i t y  in  KF13 c a l l s  a t  e l e c t r o n  m icro s o o p y  

l e v e l  i s ,  h o w ev e r, m jeh  lo w e r  th a n  t h a t  u n d er l i g h t  n i r o s c o p v .

X t i s  p o s s i b l e  t h a t  a lo n g e r  p e r io d  o f  g lu ta r a ld e h v d e  f i x a t i o n  h as 

an i n h i b i t o r y  a f f e c t  on en sy n e  a c t i v i t y .

No s t a i n i n g  i s  d e t e c t e d  o v e r  ly s o s o m a l d en se—b o d ie s  in  

i n j  c e l l s  in c u b a te d  in  a  s u b s t r a t e - f r e e  medium ( F i g .  1 1 8 ) .

No s t a i n i n g  i s  s e e n  i n  th e  i n t r a n u o le a r  b o d ie s  o r  th e  

r e s t  o f  th e  n u c le o p la sm  o f  th e  am oebae ( F i g .  1 1 9 ) .  In  some o a s e s ,  

r e a c t io n  p r o d u c t i s  c o n fin e d  t o  t h e  o o n te n ts  o f  th e  v a c u o le s  w hich  

a r e  p r o b a b ly  rem nan te  o f  C r i t h i d i a  s p .  ( F i g .  1 2 0 ) .  No s t a i n i n g  i s  

d e te c te d  on th e  v a c u o la r  m em branes.

C han ges i s  th e  i n t e n s i t y  s f  th e  r e a c t i o n  p ro d u c t i n  th e  

ly so so m es  s f  i n f e c t e d  c e l l s  a r e  n o t  a s  d ra m a tis  a s  th o s e  r e c o r d e d  

f o r  a c id  p h o s p h a ta s e . The r e a s o n  f a r  t h i s  i s  t h a t  t h s r e  a r e  fe w e r  

la b e l l e d  lv o o so m ee  in  t h i s  p r e p a r a t io n .  A f te r  i n i t i a l  c o n t a c t ,  no

ohange in  th e  i n t e n s i t y  o f  th e  r e a c t i o n  p ro d u c t i n  b o th  th e  p r ln a r y
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basem ent i M b r u *  o f  th e  tu b u le s  ( P i g .  1 3 0 ) .  No r e a c t i o n  i s  

p r e s e n t i n  th e  cy to p lasm  o f  th e  c o n v o lu te d  t u b u le s .

The p i* e r a  a e n b ra n e  o f  MP13 c e l l a  l a  a c t i v e l y  s t a in e d  

w ith  th e  r e a c t i o n  p ro d u ct ( P i g .  1 3 1 ) .  The aao eb e e  d e m o n s tr a te  no 

ensyne a c t i v i t y  ( P ig .  1 3 ? ) .  A f te r  I n i t i a l  o o n ta c t  b e tw een  th e  RP13 

and th e  am oebae, no d i f f e r e n c e  in  j l a a e i  s t a i n i n g  i s  d e t e c t e d .  

P r o g r e s s iv e  i n f e c t i o n  le a d s  to  a  more d i f f u s e  sp r e a d  o f  r e a c t i o n  

prod u ct among th e  e e l l s  s u rro u n d in g  th e  amoebae ( P i g .  1 3 3 ) .  The 

mucoid th r e a d s  o f  th e  am oebae a r e  h e a v i l y  stu d d ed  w ith  r e a c t io n  

prod u ct ( P i g .  1 3 4 ) .  A f te r  p ro lo n g e d  o o n t a c t ,  p lasm a membrane s t a i n ­

in g  i s  v e r v  pronounced in  a r e a s  where c e l l s  a r e  a f f e c t e d  ( P i g .  1 3 r ) .

The p lasm a membranes o f  th e  amoebae e v e n tu a l ly  show up th e  r e a c t i o n  

prod u ct ( P i g .  1 3 5 )»

E le c t r o n  m icro sco p y  i  The p lasm a m enbrane o f  th e  i n )  

c e l l s  show s much r e a c t io n  p ro d u c t ( P i g s .  1 3 6 a , b ) .  S l i g h t  s t a i n i n g  

i s  p r e s e n t  i n  th e  n l to c h o n d r la , which a l s o  h ave A T P see. M ito ­

c h o n d r ia  A T P ase,  how ever, i s  n o t f t a l ly  r e v e a le d  a s  g lu ta r a ld e h y d e  

f i x a t i o n  h a s  an in h i b i t o r y  e f f e c t  on n l to c h o n d r ia l  A TPase a c t i v i t y .

▼ erv s l i g h t  p lasm a membrane s t a i n i n g  i s  d e te e te d  i n  s e l l s  

ln o u b ated  i n  s  s u b s t r a t e - f r e e  medium ( P i g .  1 3 7 ) .  T h is  p resu m ab ly  

i n d ic a t e s  a  a l i g h t  n o n - s p e c i f i c  b in d in g  o f  l e a d .  I n i t i a l l y ,  t h e r e  

i s  no chan ge i n  th e  i n t e n s i t y  s f  th e  r e a c t i o n  p ro d u c t on th e  p lasm a 

membrane o f  I P 1 3  s e l l a  s u rro u n d in g  th e  am oebae. Not a l l  c e l l s  a r e  

s ta in e d  w ith  g r a n u la r  d e p o s i t .  I n  P i g .  1 3 8  ( a f t e r  10  m in u te s  o f  

i n t e r a c t i o n )  no ATTase r e a c t io n  p ro d u ct i s  d e te c te d  a lo n g  th e  p lasm a 

membrane o f  th e  in f e c t e d  c e l l s .  P ro lo n g ed  o o n ta c t  le a d s  t o  a 

s i g ' l f i r a n t  in o r e a s e  in  Mg? *  ATTase a c t i v i t y  a lo n g  th e  b o r d e r s  o f  

th e  In f e c t e d  c e l l s  ( P ig .  1 3 9 ) .  Ih ir ln g  th e  i n i t i a l  s t a g e  e f  i n f e c t i o n .

194

p ro d u c t i s  d e te c te d  on th e  plssm alem m a o f  th e  amoeba





10«
o f  n a ^ p e s lu a - a c t iv a te d  A TFaee, a lth o u g h  th e  o v e r a l l  s t a in in g  la  

r e l a t i v e l y  w ea k er. The p la a a a  n e rb ra n e  s t a i n i n g  i s  wore pronounced 

i n  a r e a s  w here o e l l s  a r e  In  c o n t a c t  w ith  am oebae (T ig .  1 4 9 ) .  1»

s u c h  a r e a s ,  a  f a i n t  c y t o p la s a lc  s t a i n i n g  I s  d e t e c t e d .  B v e n tu a lly  

in g e s t e d  R F13 d e b r is  o o n ta ln ln g  th e  en syae a c t i v i t y  I s  tak en  in to  

th e  v a c u o le s  o f  th e  amoeba ( F i g .  1 * 0 ) .

D .3 * ? 4  ??1 tr o p h e n y l p h o sp h a ta se  »

L ig h t  m icro s co p y  i The r e a c t io n  p r o d u c t i n  th e  so u se 

k id n e y  s e c t i o n s  i s  d i s t r ib u t e d  d e n s e ly  in  th e  g l o s e r u l l ,  th e  

basem en t s e r b r a n e  and th e  b ru sh  b o r d e r  o f  th e  t u b u l e s  ( F i g .  1 5 l ) .  

■ o n —e n a y a a t ie  d e p o s it io n  o f  le a d  l e  v i s i b l e  in  t h e  n u c l e i  o f  

c o n v o lu te d  tu b u le s  ( F i g .  1 5 1 ) .  The d e n o n e tr a b le  r^ N T Ja e e  a c t i v i t y  

i n  th e  s t a in e d  a r e a s  i s  n o t  I n h i b i t e d  by o u a b a in  ( F i g .  1 5 ? ) 

a lth o u g h  s t a i n i n g  i n t e n s i t y  I s  s l i g h t l y  red u c ed .

T e r y  l i t t l e  ensyme a c t i v i t y  I s  p r e s e n t  on t h e  p la s s a  

s e s b r a n e  o f  R F13 c u l tu r e d  c e l l s  ( F i g .  1 5 3 ) .  A f t e r  1 8  h o u rs o f  

i n c u b a t io n ,  v e ry  few  r e a c t io n  p r o d u c ts  a re  l o c a l i s e d  on  th e  p la s s a  

M n b r a n e ,  a lth o u g h  a s l i g h t  y e llo w n e s s  I s  d e te c te d  i n  th e  in cu b a­

t i o n  s e d i u s ,  w hich  in d i c a t e s  s p e c i f i e  e n s v u a t le  h y d r o ly s i s  o f  th e  

s u b s t r a t e ,  f  - n i  t r o p h e n y l p h o s p h a te . No NT l a s s  r e a c t i o n  prod uct 

i s  fou nd  on th e  p la s a a  s e r b r a a e  o f  t r o p h o s o l t e s .

» . 3 . 3 s  Th iam ine p y ro p h o sp h a ta se  (T n r a s o ) •

U nder l i g h t  a lo r o s c o .  th e  (yelgl a p p a r a tu s  s t a i n i n g  I s

o n ly  r e a d i l y  a p p r e c ia te d  in  s o n s  a r e a s  o f  th e  fo r m a l d e h y d e - f iz e d  

* F 1 3  m on o layer  ( F i g .  1 5 4 ) .  The p la s a a  s e n b r ia e  i s  e x t e n s i v e l y  

s t a i n e d  w ith  r e a c t io n  p ro d u c t ( F i g .  1 *" *s).  In  v a c u o la t e d  c e l l s ,  

TPF aao  s t a i n i n g  i s  v e ry  pron ounced  i n  th e  v a c u o le «  ( F i g .  1 * 4 ) .

T h is  t e c h n iq u e  f o r  th e  l o c a l i s a t i o n  o f  I F r a s e  was •p osted  tw ice
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and th e  r e s u l t s  w ere c o n s i s t e n t .  The d is t r i b u t i o n  o f  en syn e 

a c t i v i t y  see n  u n d e r  th e  e l e c t r o n  a lc r o s c o p e  shows good c o r r e l a t i o n  

w ith  th a t  se e n  u s in g  l i g h t  m ic r o s c o p i ( P i g .  1 5 7 ) .  Plasm a a e r b r u i *  

and vacuo1 a r  s t a i n i n g  i s  a b s e n t I n  c u l tu r e d  c e l l s  in c u b a te d  i n  a 

s u b s t r a t e - o m i t t e d  mediu s  ( P ig .  1 9 8 ) *

D u rin g  th e  I n i t i a l  s ta g e  o f  c o n ta c t«  th e  a l  e ro  v i  I l i  ,  

w hich  a r e  v i s u a l i s e d  by  TPPaae s t a i n i n g  o f  th e  c e l l s  s u rro u n d in g  

th e  ( s o e b t ,  a l t e r  i n  le n g th  and ex te n d  to w ard s th e  anoeba ( P i g .  1 5 9 ) «  

A f t e r  p ro lon ged  c o n t a c t ,  no a l t e r a t i o n  I n  enzyme a c t i v i t y  I s  

d e te c te d  e i t h e r  I n  th e  KP13 c e l l s  o r  in  th e  am oebae.

J n o s in e  d jp h o s p h a ta se  ( iD P a s e )  .

As f o r  T P T a s e , th e  j l a s s a  sem brane and v a c u o la r  a t a ln ln g  

I s  s e e n  w ith  l n o s l n e  d ip h o sp h a ta se  s t a i n i n g  ( P i g .  16C ). » d o ­

p i asmi c r e t i  c u iu s  s t a in in g  was d i f f i c u l t  to  v i s u a l i s e  in  t h i s  s tu d y .  

Mo s t a in in g  i s  d e te c te d  in  c u ltu r e d  c e l l s  in c u b a te d  in  a s e d iu s  

w ith o u t s u b s t r a t e  ( P i g .  1 6 1 ) .  Mo r e a c t io n  ; r o d u c t  la  d e te c te d  i s  

t r o p h o s o l te s  e x c e p t  d u rin g  prolon ged  I n t e r a c t i o n  where g r a n u la r  

d e p o s i t s  a r e  v i s i b l e  in  th e  a n o e b ie  c y t o p la s s lo  v a c u o les  ( P i g .  16 ? ) .  

D .3 .4  P e ro x iso m e en sy se

C a ta la s e  i C a ta la s e  i s  o n ly  p r e s e n t  i n  t r o p h o s o l te s  

( s e e  p .  77  ) .  Mo e n s y s e  la  d e te c te d  i n  th e  RM13 c e l l s .  T h ere  i s  

no s p re a d  c f  th e  r e a c t io n  prod u ct from  th e  a n o e b ae  when th e y  a r e  

added t o  th e  c u l tu r e d  o e l l c  ( P ig .  1 6 3 ) *

» • 3 .5  M ito c h o n d r ia  en syse

K lto c h o n d ri %1 AH ase  i M ito ch o n d ria  a r e  e a s i l y  s e e n  i s  

MP13 c e l i s i  I t s  c o rre s p o n d in g  ATPase s t a i n i n g  i s  ve ry  In te n s e  

( P i g .  1 6 4 ) .  The c u l tu r e d  o e l l a  di s p i a -  v a r io u s  s l a e s  c f  m ito c h o n d r ia . 

M o d -lik e  a h e j.e e , e lo n g a te d ,  a b o rt  and atu n p y  f o r a a  a r e  s e e s  ( P ig .

1 6 5 ) .  The r e a c t io n  p rod u ct l a  a b s e n t In  th e  t r o p h e s c l t e s .



A f te r  c o n t a c t ,  th e  m ito c h o n d ria , I n d i c a t e d  b r  a p p r o p r i­

a t e  en sv n e s t a i n i n g ,  in  c o n ta c te d  c e l l a  a r e  d r a m a t ic a l l y  a l t e r e d  

f r o a  an  e lo n g a te d  t o  a  rounded sh ap e (T ig .  1 6 6 ) .  C yto p lasm ic 

s t a i n i n g  i s  r e r v  pron ounced  in  su ch  c e l l s ,  r e s u l t i n g  'ro u  breakdow n 

o f  th e  M ito ch o n d ria  sem brane r e l e a s i n g  AT} a se  i n t o  th e  c .r to p la s a  

(T ig .  1 6 6 ) .  F u r th e r  c o n t a c t  le a d s  to  c o a p le te  breakdow n o f  th e  

M ito c h o n d ria  ( P ig .  1 6 7 ) .  H e re , th e  asmeba h as in g e s t e d  th e  

M ito c h o n d ria .

D .3 .6  L eu c in e  a n ln o p e p t ldarne

A d i f f u s e  e n iT B e  r e a c t io n  p r o d u c t l a  s e e n  in  th e  c y t o -  

p la s s  o f  th e  tu b u le s  o f  th e  n ou se k id n e y  ( P ig .  1 7 2 ) .  Ho r e a c t io n  

i s  p r e s e n t  in  e i t h e r  th e  RP13 c e l l s  o r  th e  a s o e b a e . Ho r e a c t io n  i s  

d e te c te d  i n  e i t h e r  th e  in t e r a c t e d  amoebae 

p ro lo n g e d  o o n ta e t .

108

o r  c u l t u r e c e l l s  a f t e r
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D .4  SLSCTROF MCHOSCOPIC EXATC If ATI CB OP THE EFFECT OF A

HOMOGENATE OF B .  HI5TCI-TTICA (ETABS STRA IB) OB A 
CELL-LIFE BOFOLATSR

D .4 .1  1%« s t r u c t u r e  o f  th e  norm al u n a f f e c te d  R F 1 3  c u l tu r e d  o e l l s

i s  shown in  F i g s .  1 6 8  and 1 6 9 . T bs m lto ch o n d rl s f known f o r  t h s i r  

p le o m o rp k la s , show v a r ia t io n  In  s h a p e , and th e  o r l s t a s  a r e  n o t a s

ab u n d an t a s  th o s s  o f  l i v e r  c u ltu r e d  c e l l s .  17»e e x t e n t  o f  th e  pene­

t r a t i o n  o f  th e  c r l s t a e  th ro u g h  th e  m a tr ix  i s  a ls o  v a r i a b l e  ( F i g .  1 6 ) ) ,  

a s  soma o f  th e  c r l s t a e  r e a c h  from  one end o f  th e  i n n e r  cham ber to  

t h e  o t h e r .

The e .v to p lssm le  m a tr ix  m o s t lr  c o n s i s t s  o f  p o ly rib o s o m e s  

and f i la m e n t s  ( F i g .  1 6 8 ) .  The in o lu s io n  b o d ie s  a r e  p r o b a b ly  s e c o n d a ry  

ly s o s o m e s . The c y to p la s m ic  m a tr ix  i s  o ccu p ie d  b y  a  r o u g h  en d op lasm ic 

r e t i c u l u m ,  which i s  s tu d d ed  w ith  r ib o s o m e s . I t *  c l s t e m a e  o f  th e  

ro u g h  en d op lasm ic  r e t ic u lu m  a r e  s h o r t  and do n o t a lw a y s  o c c u r  in  

l o o s e l y  a rran g e d  groups o f  c l o s e l y  packed p a r a l l e l  s t a c k s .

At p la c e s  a lo n g  th e  ju n c t io n  betw een t h e  c e l l s ,  i n t e r ­

d i g i t  s t i n g  fo ld s  a r e  s e e n ,  and th e y  p la y  an im p o rta n t r o l e  in  o e l l -  

t o —c e l  2 a d h e sio n  ( F i g .  1 6 8 ) .  F irm e r  o e l l - t o - o e l l  a t ta c h m e n t  i s  

a c c o m p lis h e d  by  m o d ify in g  th e  c e l l  s u r fa c e  to  form  ' t i g h t  ju n c t i o n s '  

w hich  a r e  r e o o f tiis e d  in  F i g .  1 6 8  by  d en ser  l i n e s  a t  c e r t a i n  p la c e s  

a lo n g  t h e  ju a e t l o n .

D.4.2 A d d ition  Of hom ogenate

The a d d itio n  o f  hom ogenate e r  e x t r a c t  o f  ft» tam o eb a 

h i s t o l y t i c a  t r o p h o s o l te s  grown f o r  4^ h ou rs h as no e f f e c t  on th e 

m o n o la y e r . The e e l l s  h av e n o t  d e tach e d  th e m se lv e s  fro m  t h e  g l a s s .

The e e l l s  s t i l l  r e t a i n  c o n t a c t  w ith  n e ig h b o u r in g  e o l l s  ( F i g .  1 7 0 ) .

U nder h ig h e r  a e r i f i c a t i o n ,  th e  i n t e r d l g l t a t i n g  f e l d s  and U 4 > t  

ju n c t i o n s  a r e  mot a f f e c t e d ,  an in d le a t lo n  th a t  th e  c e l l *  h a v e  r e ta in e d  

t h e i r  r i g i d i t y  ( F i g .  1 7 3 ) .
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0 .5 ULTRASTRUCTTRAI. 3 TOUT OF UTTER ACTIO» OF AX 911C STRAIFS

20OiFIH ASD HM-1 IIM3S O» HX13 CSLL-LIFE MOFOLAYES

»•5.i i - i  »n— n  rm
The o b i e n r a t l o m  r e c o r d e d  b e lo w  w ere eed e on M a te r ia ls

w hich w ere f i x e d  a f t e r  2  h o u r«  o f  HK-1 iIM SS and RK13 c e l l  n o n o lay e r  

I n t e r a c t i o n .  The s t r u c t u r e  o f  th e  undamaged RK13 c u ltu r e d  c e l l s  l a  

ahown in  F i  g .  1 7 4 «  The t r o p h o s o i t e o ,  i n t e r a c t i n g  w ith R F 1 3 , 

c o n ta in  a o a t  o f  th e  o r g a n e l le s  w hich h a re  been  d e s c r ib e d  i n  o th e r  

a x e n ic  s t r a i n s  (how s and M a e g r a lth , 1 9 7 0 a < P r o c to r  and O re g o ry , 

1 9 7 2 a , 1 1 —H a sh in l and P l t t s a n ,  1970|  F e r i a - T e la s c o  and T r e r ln o ,  

1 9 7 2 ) .  The in t r a n u c l e a r  b o d ie s ,  e l e c t r o n - d e n s e  f i b r i l l a r  s t r u c t u r e s ,  

r ib o s o s a l  h e l i c e s  w ith in  d o u b le ^ e a b ra n e d  r a c u o le s ,  g ly c o g en  

p a r t i c l e s  and y a c u o le s  a r e  a l l  p r e s e n t  in  HF-1 iXMSS tr o p h o s o i te a  

( F i g .  1 7 5 ) .  F i g .  1 7 5  a l s o  show s th e  p r e s e n c e  o f  s h o r t ,  s n o o th -  

w a ile d  r e s i d e s  r e f e r r e d  to  b y  th e  san e  a u th o rs  a s  p a r t  o f  sa o o th  

endop'. a a n ic  r e t l e u l u a .  t a b - p e l l i c u l a r  b o d ie s  a r e  abundant i n  t h i s  

a x e n ic  s t r a i n  ( F i g .  1 7 7 )  and th e y  l i e  a t  i r r e g u l a r  i n t e r v a l s  a lo n g  

th e  p la s a a le a n a .

A f te r  p ro lo n g e d  c o n t a c t ,  th e  o e l l s  a r e  danaged i n  th e  sane 

way a s  th a t  d e s c r ib e d  f o r  B D -T I and C T-1 c u l tu r e d  c e l l s .  O nly  

o e l l s  in  o o n ta e t  w ith  a n o e b ae  a . e  M anaged, and t h e -  r a p id ly  l y s e ,  

r e l e a s i n g  e y to p la e n lo  c o n t e n t s  in t o  th e  e x t e r n a l  nedlun ( F i g .  1 7 < ) . 

C o l l s  n e x t  to  th e  ly s e d  c e l l s  show i n c i p i e n t  danage as s w o l le n  

n ite e h o n d r la  c an  b e  s e e n .  Sone o f  th e  ru p tu r e d  o o n te n ts  r e a a ln s  

a t ta c h e d  a t  th e  u r o id  end o f  th e  a a o eb a  ( F i g .  176).

At h ig h e r  n a ^ i i  f i e a t i o n , th e  n ito o h o n d r la  h are  a l n o s t  lo s t

t h e i r  c r i s t a s ,  and th e  n a t r i x  b e c o n e s  p a l e r .  The o u te r  nom brase o f  

s o n e  o f  th e  M ito c h o n d r ia  h a s  r u p tu r e d . The en do p i a a n ic  r e t io u lu n  

i s  form ing  y e s i o l e s  and th e s e  to o  a r e  s w o lle n  ( F i g .  1 7 0 ) .  M ito -  

e h o n d r la l s w e l l in g ,  h o w ev e r, d e e s  n o t o c c u r  i n  e v e ry  o e n ta e te d  c e l l .
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a s  H g .  179 shows an in ju r e d  c a l l  w ith con d ensed  m ito c h o n d r ia .

A long th a  a r e a  o f  c o n ta c t ,  th e r e  i a  an  i n c r e a s e  in  

a c t i v i t y  on th a  a a o e b lc  a id a .  R a re , th a  membrane becom es u n d u la te d

fo rm in g  m lcropeeu d opod la ( f i g .  1 8 0 ) .  Some o f  t h a  cy to p lasm  o f  

th a  in jux*ad c a l l  l a  drawn in to  th a  p h a g o c y to tie  c h a n n e l .

1t»e amoeba can  prob e any i n t r a c e l l u l a r  c a a i t r  between 

c u ltu r e d  r e l l a  (M g *  l 8 l ) .  T a rt o f  th a  am oebic p sa u d o ; odium,  aa 

ahown In  P i g .  l t i l  haa a lr s a u v  p e n e tra te d  th e c a v l t v  and tha r e n t  o f  

th a  body w il l  f o l lo w , w id en in g th a  gap even no r e .

I t  ap p ears t h a t  v ir u le n t  and a v lr u le n t  i n d l  v i  dual a can  

a x i a t  w ith in  a p o p u la tio n  o f  a c u l t iv a te d  a t r a i n ,  «• o ne I n t e r ­

c e l l u l a r  amoeba l a  aean  and i a  a tte m p tin g  to  p h a g o c y to a e  normal 

c a l l s  ( f l f .  I K » ) .  Sue), c a l l s  are n ot a f f e c t e d  am th a  o rg m n ellea  

•bow no change ( f i g .  1 3 ? b ) .  Tha c a l l  c y to p la s m ic  m a t r i x ,  how ever, 

i a  dmnaar than  th a t  o f  n eig h b o u rin g  c o l l s ,  ; r o b a b ly  dua to  th a  

amoeba com p ressing  Mm  < B ta c t  i in e t  i t i  n s l g i l ' - u n .

Vo a u r f a c a - a c t i v a  lv e o a  m» l a  seen  in  t h i s  p rep  r a t io n .  

T h era  i a ,  how ever, «a ahown in  f i g .  1 7 o , a  s u r f a c e  v a c u o le  which 

g iv e s  th a  im p resa lo n  th a t  ahould t h i s  v acu o la  c o l l a p s e  i t  would 

g iv e  th o  appearan ce o f  a s u r fa c e - a c t i v e  lvsos< me.

D .5 .?  222 j m  M il

As a r e l a t i v e l y  s n a i l  nunber o f  o w splas wan s tu d ie d  i t  

was n o t p o s s ib le  to  i d e n t i f y  a l l  th e  o r g a n e lle s  d e s c r ib e d  by 

P r a e t o r  and O regory (1 9 7 3 b )  in  t h e i r  stu d y  on th o  u l t r n a t r u c t u r a  

o f  ax  e r i c  a l l y  c u l t iv a t e d  tr o p h o s o lte s  o f  J J .  i . l a t o l  v - t lc a  a t r a in

WXHiVOO. I t  l a  n o t io a a b la ,  how ever, t l  • t  th a  n u a b a r  o f  l n t r e -  

n u c l s a r  b o d iea  p e r  n u c leu s  l a  h igh ( P i r .  1 6 ) ) .  In  o n e  s e c t io n ,  

a l s o ,  a  e r v s t n l l i n e  s t r u c t u r e  r e e e a b lin g  an i n t r a n u c l e a r  body la  

s e e n  i n  tL s  cytoplasm  ( P i g .  1 0 4 ) .
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D .6  HI :cthc r  I v , I. ¡7 A -

a n t ih i  statu te ,  n rfTTT 'AZ lPH  HTDHr'CHir : i r  :, on t fe
INTTTHACTIO1' BHTVHaW ,3 .  H irT 'lT T IC A  AND A CHLL-LIN" 
MONOLATar ~

The R n j  c e l l s  w ere I n f e c t e d  w ith  E . h i s t o l y t i c a  t r o p h o -  

s o l t e s  o f  Tvana a o n o z e n lc  « t r a i n .  In  o n e p r e p a r a t io n ,  p r c m e th a s ln e  

h y d r o c h lo r id e  ( lO ~ S 0  was added t o g e t h e r  w ith  am oebae t o  th e  mono­

l a y e r .  I n  th e  o t h e r ,  o n ly  th e  am oebae w ere a id e d . P o t)  p r e p a r a ­

t io n «  w are  1 ■ • . and th e  f l n K n p  th e n  com p ared .

D .6 .1  W ith o u t the, .a d d it io n  o f  _ ^ . t ih l « t y . l n a

The c e l l «  s u r ro u n d in g  th e  amoab&e a r e  r a p id ly  d e a tr o y e d  

P ip *  l o  a l s o  ahowa an unh-.-- th e

e x te r n a l  a u r f  .c e  ap p ea rs  r a g g e d , and i t s  n u c le u s  i s  n o t s p h e r i c a l .

The o r g n n e l le s  w ith in  th e  c o n ta c te d  c a l l s  a r e  « c ro s s ly  

a f f e c t e d  aa  m ito c h o n d ria l s w e l l i n g ,  d e g r a n u la t io n  o f  en d o p la sm ic  

r e t ic u lu m  and s w e l l in g  o f  th e  d « t « r n a a  o f  th «  en d o p la c ir io  

r e tic u lu m  a r e  o b serv ed  a s  r e c o r d e d  in  s e c t i o n  D .2 .  At t> i «  s t r « ,  

o h r o a a ti n " i p r a t e «  to w ard s th e  p e r i . h e r y  o f  th e  n u c le u s  ( f i g .

1 8 9 ) .  When th<- I lo n g e d , ly s o «  m»« f i n a l l y  r v p tu r s

( f i g .  1 9 0 ) .  The c y to p la s m ic  m a tr ix  becom e« d i lu t e d  a s  e v id sn ee A  

b y  a d e c r e a s e  in  d e n s i t y .  The s u r f a c e  o f  th e  c o n t a c t  c e l l  

o p p o s i te  t o  th e  amoeba h a s  l e s t  i t s  n orm al r e l a t i o n s h i p  t o  n s l ^ i -  

b s u r in g  c a l l s ,  a s  th e  l n t e r d l g l t n t l n g  f o l d s  and t i < * t  J u n c t io n s  

have d is a p p e a re d  ( f i g .  1 9 0 ) .  W u e le -r  m a r g in -t io n  i s  e v id e n t  in  

f i r .  I K  l l  -  ic i i  a l s o  th e  cl.i | a p p e a r in g  from  th e

n u c le u s .

As th e  s u r f a c e  membrane o f  th e  c o n ta c te d  c a l l  l o s e s  i t s  

r i g i d i t y ,  i t  e a a l  1 y f a l l s  jre < -  to  th e  app C sm sh isg  a n o e b a , w hich  

f i n a l l y  g r ip s  s  p ie c e  o f  th e  o e l l  c y to p la s m  ( f i g .  1 9 1 ) .

Whan th e  c a l l s  l y s e ,  th e  c e l l u l a r  o r g a n e l le s  e r a  r e le a s e d

in to  th e  e x t r a c e l l u l a r  f l u i d .  The o r g a n e l le s  th a n  ad h ere  t o  th e



115
am o e b ic  p i aam ai e nun a . As th e  ia o e  b *  s o r t i  fo r w a rd , t h e  o r g a n e l le  

d e b r i s  i s  sw ept backw ard s tow ard s th e  u r o id  ( J i g .  1 9 ? ) «

1 9 3 »  1 9 4  end 1 9 9 ) *  A l l  3 f i  « u ree  show t h * t  th è  a n t l h l a t a m l n e

e f f e c t i w e l y  p r e s e n ta  th è  s w e l l ln g  o f  s u s c e p t ib le  o r g a n a i l e a .  As 

th è  c e l i  p lasm a sem brane l s  n o t g r o s s iy  a f f e c t e d ,  th è  o s l l  r  t e ìn a  

l t s  r i  g l di t y .  P e n e t r a t i o n  o f  a ic ro p seu d o p o d la  i n t o  t h è  o s l l  l s  

th u s  is p s d s d  ( P lg .  1 9 ^ )«  9uch  a c t i r l t y ,  h o w erer , d o es  n o t  p r e s e n t  

p h a g o c y to s l■ o c c u r r in g  a s  th è  w hole o s l l  s e e s s  t o  b e  d raw n ln t o  

t h è  c y to p la s n  o f  th è  a m e b a  ( P ig .  1 9 < a ) . T h ls  a p p a r e n t i :?  

u n ln ju r e d  c e l i  l s  I n  flood c o n ta c t  w lth  l t s  n e lg h b o u r , a n d  l t s  n l t o -  

o h o n d r la  and n u c le u s  a p p ear p e r f e c t l y  h e a l th y .  At th è  e n d  o f  th è  

p h a g o c y to t lc  c h a n n e l,  th è  c e l i  c y to p la s *  l s  fra jp a e n te d  an d  h a s  been 

r e n d e r e i  l n t o  a n a l i  r e s i  e l e e ,  whleh s a y  bud f r o s  th è  c h a n n e l  and 

f t i s e  w lth  ly s o s o s e s  ( P I g .  19 6 b ) .

c o n t in u a i  l y  fo r n e d  a t  t h a t  p a r t  o f  th è  anoeba ( P l f l .  1 9 7 )  i n

B . 6 . 2 W ith th e  add i t i o n  o f. p r o s e t b a s in e

The c e l l s  s u rro u n d in g  th e  a seo b a  a r e  u n a f f e c t e d  ( P ig s .

F r o n e th a s ln e  a t  a c o n c e n t r a t io n  o f  10™St d o e s  n o t  i n t e r ­

f e r e  w ith  th e  s t r u c t u r e  o f  smo<le b lc  p i  a s s a i  san a  a s  f l l o p o d l a  a r e

c o n t a c t  w ith  t h e  g li s l i d e .
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D.T.l

CHROKIUK ( 51C r) HEXBASIRO CTTOTOXICITT T^STS

C yto t o x l c l t .v  ln d u csd  b.r t r o p h o s o i te «  o f  E. 
•nd B .  ln r a d n «

h l a t a l y t l o »

R e s u lta  f ro n  an o x p e r in e n t in  w hleh t b a  t r o p h o s o ite «  w ar« 

addad t o  c u l t u r e «  a t  r a r lo u «  d i lu t io n a  a r a  d a p ic te d  in  T ab la  T i l l  a  

E i * .  I I «  The g r e a t a r  th a  r a t i o  betw een th a  air,o«be« and tb «  

l a b a l la d  C han s c a l l « ,  t b «  b i s h e r  tb a  e h ro a lu a  ^ *C r r e le e s « .  Th« 

•bap« o f  tb «  c u r r e «  o b ta ln a d  1«  « t a l l a r  in  b o th  t b «  3 . M a t o l fr t i c a  

and g .  in ra d a n a t a a t a ,  b u t tb «  « lo p « a  o f  tb «  o u r ra «  d i f f a r  i n  th a t  

tb a  a lo p «  1 «  a t« « p e r  wban h l s t o l y t l c n  i a  u a « d , l n d i c a t l n s  a 

b lg b a r  e y t o t o x ic  « f f a c t  o f  t b l a  a t r a ln  tban  t b a t  o f  tb a  X. ln vad «n« 

tro p t .o B c i t « a . At b i s h e r  am oebic c o n c a n t r a t io n i  (  1 aaoeba to  0 .3 2

C hans c « l l ) ,  tb a  c b r c a lu a  a p a c i f l e  r « l« a a «  v a r ia d  « a p o c l a l ly  wb«n 

I «  In r a d « » « t r o p h o s o i ta a  w «r« u aad . Such a v e r t a t io n  « a r  b«  du« to  

tb «  o o a p o t i t lo n  mmong an a a o a t lo  p o p u la t io n . Am a  r a a u l t  o f  tb «  

ab o r«  a tu  d i «a , f u r t h e r  « x p e r in a n ta  on c y to  t o x i  C i t y  w ar« c a r r i« d  o u t 

by  u a in g  r a t i o «  o f  1 aao eb a  to  b«tw ««n 1 and 3 .2  la b « l l « d  Chans 

• • 11«.

a te a  o f  tropd .QBol t a «  of

Tb« r« « < ilt«  o f  an a x p a r ia a n t  in  w bicb t b «  b o » o s« n a t«  *« •  

addad to  tb «  l a b « l l« d  c u l t u r e «  a t  r a r lo u «  d i lu t lo n «  a r a  d a p ic te d  in  

T a b l«  I X .  Tb« u l t r a « o n i e a t « d  h o ao gan ata  waa found t o  b a r «  no « f f a c t  

on tb «  C h an s o « U « t  « l» c «  tb «  la w e l o f  %  a p a c l f l c  c y t o t o x i e t t y  f o r  

a l l  d ilw tlo n a  o f  bo ao | «n ata  waa n a r a r  norm tban  1 . 1 < ,  a  r e r »  low 

f t # * r « .

D .7 .3  S jr to to B tc j .U ' 1 n lu ce 1 t y  aup er n s t  »an a a d iu n  f ro n  48-hou £
i n  I

Tb« r o a u lt«  f r o n  auch an a x p a r ia a n t a r a  «bown ln  T a b l«  IX . 

Tb« « u p a r n a ta n t «adiuai waa found t «  b a r «  no « f f « c t  on Cbw is o « li« |

■n la d ie a t io n  t b a t  c r t o t o x i e  au b ata n c a  t «  n ot « « o r « t« d  « x t r a e a l l u l e r l y
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S pec ific  r * l * u t  o f  XCr from labe lled  Cbanc c o ll*  
•*poM < to trophoeoltee o f | . h le to lrt lc o  *nd 
K. In redone ee a function o f lo * . ra tio  o f anoeba • 
Chan« c o l l .  Synbola t ( a ) h la to lrt lc s  and
(  O  }  1 -  in rp d o n e .

n g .  i i
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R a t io  o f  tr o p b o a o lto a  51r  .  " a  % S p o c i f i e
t o  1 a b o l la d  C hase c o l l a  r  c . r t o t o i i c i t y

A z . 200 ( £ .  h i s t o l y t i c a )

100  I 1

32 • 1
10  I  1

3.2 • 1
0.32 * 1

0.032 ( 1
0 . 0 0 3 2  « 1

74.3

03.6 - 0.6 74.3
Ô6.8 ~ 4.7 77.5
81.9 - 0.4 72.6
73.1 - 3.1 64.1
65.3 •  1.5
29.4 - 8.3 

8 .3  i  0 . 3

BAH. (£ .  j s ▼adona)

10 0  1 1 6 5 .1  - 1 .9 54.5
32 • 1 8O.9  - 0 .4 7 0 . 3
1 0  1 1 87.9 - 0.5 77.3

3.2 • 1 55.2 -  1.5 48.4
O .3 2 • 1 4 9 .5  - 0 .2 4 2 . 7

O.0 3 2  1 1 4 5 .5  - 1 .5 3 8 .7
0.0032 « 1 10.9 - 0.6 4.1

C o n tr o ls  1

R a t i o ' s  sodium 10.4 ; 0.4 
11.9 - 0.4

*

TPS—1 ( a a o o U c sodium ) 9 4  • 2.0 
9.3 - 0.5

*Tho r o o u l t o  a ro  oxproaood aa th o  not a . 4 .  o f  th ro o  o z p o r l i

4
 

8
 

*
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TABLE X

■FF3CT o f  w e r a r m p i t s HTDBOCITLOaiDK OH CELL L T S IS

C o n c e n tr a t io n  o f ^ 5 1 ,._____,
i n h i b i t o r  i n  K o y t o t o x i c i t y

3 *  10 ~ 3 7 6 . 7  -  3 .8 6 9 . 6 •d
3  x  l o “ 4 6 9 . 3  -  3 .4 6 1 . 6 *d
3  x  l o ” 5 « 2 . 3  -  J . 4 5 4 .8 6 0 .5
3 x  1 0 " * 7 1 . 2  -  1 .1 6 3 .7 7 0 .3

PAH « t r a i n

3 x  l o “ 3 7 5 - 7  -  0 . 5 6 8 .9 *d
3 x  l o " 4 6 9 .2  !  0 .9 6 2 .4 •d
3 x  1 0 - * 5 2 . 2  1 4 . 8 4 5 .4 5 0 .6
3  X lO - * 5 5 . 5  -  1 . 0 4 8 . 7 5 4 .4

C o n tro l«

a )  w ith o u t i n h i b i t o r  I

* * a t i ©  o f

Ax. 200 73.1 -  3.1 64.1
BAH 65.3 * 0.7 58.5

with inhibitor and vi thout amoebae i

3 x 10“\
incubation 
•t 37 C 74.« -  0.9 «7.8

•» 26°C 73.1 -  0.2 «5.«
3 x 10“4* 37*C 58.7 -  4.0 51.5

• 26°C «1.5 -  2.4 54.0
3 X lO"5* 37°C 6.« ± 1.0 1.6

• 26*C f . l  -  0.« 1.«
3 x 10"*K 37*C 7.« -  0.« 0.8

2«*C 8.4 -  0.6 0.9

Of M O tbM to label1od c o l l a  wa•  M a in ta in e d at 3.2 t
• V .

S p o o l r te  c v t o t o x i c i t y  v s  aao oaao d  b y  th e  t o t a l  p* r c * n t * f - a  o f

, o x r r p t  t h a t  I n h i b i t o r  a t  v .^ ry ln f  c o n c e n t r a t io n «  was a W d

• * t u . control« unaotlofactory



l ? l

TABLE XI

EFFECT OF R05EHTHAL'3  IHHIBITOR on CELL L Y S IS

C o n c e n tr a t io n  o f t  51C r r o lo a a o t  S j  e e l  f l  e <  in h i b i t i o n
I n h i b i t o r  in  M c y t o t o x i c i t y e y t o t o x lo l t y

A x . 2 0 0  a ^ r a ^ n ** i * *

0*HH

7 . J  x  10 " 3 4 5 .3  -  0 . 7 3 4 .3 4 . 4 90
2 . 3  x  1 0 " 3 4 4 .5  -  5 .0 3 7 .5 - 3 . 2 -

7 . 3  «  l o " 4 5 5 .8  -  1 . 4 4 4 .8 - -

2 . 3  x  10~* 4 5 .3  -  1 .5 5 4 .3 5 4 . 0 15

BAH s t r a i n

7 . 3  «  l o " 3 3 3 .4  ~  0 . 4 2 4 .8 1 1 . 7 80

2 . 3  x  1 0 " 3 4 8 .3  -  0 . 1 4 1 .5 3 0 . 3 48
7 . 3  m 1 0 " 4 « 4 .4  -  0 . 7 r 7 .6 - -

2 . 3  x  l o " 4 4 9 .9  -  1 .1 4 3 .1 4 2 . 0 0

C o n t r o l *

a )  w ith o u t  i n h i b i t o r  i
A x . 2 00 7 3 .1  -  3 .1 4 4 .1
BAH 4 5 .3  -  0 . 7 5 8 .5

h )  w ith  i n h i b i t o r  and w ith o u t anoobao t

7 . 3  *  1 0 " - *  a t  37 C 3 8 .9  *  4 .5 2 9 .9
-  M *C 2 1 .9  -  0 .9 1 5 .1

2 . 3  x  lO - 3 *  37*C 4 8 .2  -  0 .9 4 0 .7
-  24°C 1 8 .0  -  0 . 8 1 1 .2

2 . 3  x  1 0 “4*  37°C 9 . 8  -  0 . 4 2 . 3
-  24*C 7 .9  -  0 . 8 1 .1

t ,  k ,  • Soa T a b le  X



I n h i b i t o r ,  th e  r e l e a s e  o f  ^1C r was n a rk e d ]y r e d u c e d . The s p e c i f i c  

c y t o t o x i c i t y  o f  5 . h i s t o l y t i c a  a t  7 .3 x lO - >̂f c o n c e n t r a t io n  was 

found t ?  be re d u c e d  f r o e  64% to  36£|  a  90% i n h i b i t i o n  (S e e  T a b le

XI ) .  S i m i l a r l y ,  th e  s p e c i f i c  c y t o t o x i c i t y  o f  JE* In ra d o n s  a t  

7 • ix lO - 3 *  was fou n d  t o  be red u ced  f r o n  5Ü% t o  26.0%t a  60% 

i n h i b i t i o n  ( s e e  T a b le  XI )• When la b e l l e d  Chang c e l l s  w ers in c u b a te d  

a t  37°C i n  th e  p r e s e n c e  o f  h ig h e r  c o n c e n t r a t io n s  o f  in h i b i t o r  

( T - J x l o ' V  and 2 * 3 x10~^M) th e  % Cr  r e l e a s e  was s l i g h t l y  r a is e d  ( s e e  

T a b le  X I ) .  When t h e  c o n t r o l s ,  h o w ev e r, were in c u b a te d  a t  ro o a  

te m p e r a tu r e , th e  amount o f  ^ C r  r e l e a s e  was lo w e r e d )  an in d ic a t io n  

• f  th e  p r e f e r e n c e  o f  Chang c e l l s  f o r  in c u b a t io n  a t  room tem p era tu re  

i n  th e  p r e s e n c e  o f  th e  i n h i b i t o r .
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2 .1  ULTRASTHT'CTORAL AHD CTTCCH^ICAl STUDIES OT TROPHOZOITES

OP E . HIHTOLTTICA

* . 1 . 1  Sc  M ining e l e c t r o n  m icro s co p y

S c a n n in g  M icro grap h s ta k e n  d u r in g  t h i s  s tu d y  show c l e a r l y  

t h a t  th e  s u r fa c e  o f  E . h l s t o l r t l c a  t r o p h o a o ite a  I s  rou gh  w ith  

I r r e g u l a r  I n f o ld in g * .  L a rg e  d e p r e s s io n s  o r  t r l g g e r - l l k s

o r g a n e l le s  (E a to n  a t  a l . ,  1 9 6 9 ,  1 9 7 0 ) ,  c r a t e r s  o r  p o re s  o f  d i f f e r e n t  

a i s e s  ( P r o c to r  and O re g o ry , 1973b  | P r o c t o r ,  1 9 7 4 )  w hich  haws 

ly a o s o a a l  f u n c t io n s  a r e  n o t i d e n t i f i e d  I n  th e  p r e s e n t  s tu d y .

I  a g r e e  w ith  Kagnudda e t  a l . ( l 9 7 0 )  t h a t  th e  two s c a n n in g  

e l e c t r o n  m icro grap h s p u b lis h e d  b y  E a to n  e t  a l .  do n o t  d em o n stra te  

" t r i g g e r - s h a p e d  o r g a n e l le s "  b u t can  b e  In t e r p r e t e d  an show ing t in y  

p r o tu b e r a n c e s  w hich p r o je c t  in t o  th e  c a v i t i e s  o f  o r a t o r s .  .:aton  

e t  a l .  ( 1 9 6 9 ) ,  Pagaudda e t  a l .  ( 1 9 7 0 ) ,  P r o c to r  and Q rego rp  (1 9 7 3 b )  

and P r o c to r  ( 1 9 7 4 )  a l l  have p r e s e n te d  s e a m in g  m icro g ra p h s  w hich 

I  b e l i e v e  to  b e  s h o v in g  d e g en era ted  am oebae. T h ese  p r o to s o a  a re  

rou nd ed  and show s u r f a c e  d e p r e s s io n s .  T h e ir  p seu d o p o ll a  a re  p o o r ly  

d ev e lo p ed  and no u r o id  i s  o b s e r v e d . T h e se  a u th o rs  u sed  a  te c h n iq u e  

n e c e s s i t a t i n g  c e n t r i f u g a t io n  and s u s p e n s io n  d u r in g  f i x a t i o n .  Such 

a  s t e p  i s  l l k s l y  to  a l t e r  th e  s u r f a c e  m orp h olocr  l e a d i n g  to  a r t e f a c t .  

B a to n  e t  a l . ( 1 9 6 9 )  a lth o u g h  s t a t i n g  t h a t  th e  e n p h a sls  was alw ays 

on o b t a in in g  m a te r ia l  w ith  th e  l e a s t  p o s s ib le  d is tu r b a n c e  to  th e  

am oebic  s u r f a c e ,  added s u s p e n s io n  o f  am oebae to  th e  f i x a t i v e .  In  

t h e i r  c a s e ,  ' i a - s l t u *  f i x a t i o n  was n o t  a tte m p te d . Hagaudda e t  a l . 

( 1 9 7 0 )  c e n t r i f u g e d  t h e i r  m a te r ia l  b e f o r e  f i x a t i o n .  P r o c t e r  and 

O re *> ry  ( 1 9 7 3 b )  and P r o c to r  ( 1 9 7 4 )  d id  n o t  s p e c i f y  th e  m ethod u s e d .

In  t h i s  s tu d y ,  th e  am oebae w ere f ix e d  ’ i n - s l t u '  t o  m a in ta in  th e  

r e l a t i o n s h i p  betw een am oebae and s u b s t r a t e  and to  p r e s e r v e  e x t r a ­

c e l l u l a r  s t r u c t u r e s  su ch  a s  t b s  u r o id .  pseu d o p o d ia  and s u r fa c e



v a c u o le s . M a rtln e z -ra lo m o  e t  a l .  (1 9 7 4 )  a g re e  t h a t  i n - a i t u  

f i x a t i o n ,  a s  proposed b y  B ir d  ( 1 9 6 1 )  o f f e r s  c e r t a i n  ad v an tag e s  

o v e r  s ta n d a r d  f ix a t i o n  M ethods which In v o lv e  p h y s i c a l  t r e a tm e n t . 

T h e re  i s  a  f u r t h e r  f e a t u r e  w hich h as n o t been  n o t e d  i n  p re v io u s

m ic r o s c o p ic  s tu d ie s  o f  th e  am oeba, nam ely f i l o p o d i a  a . Those 

e x te n d  a t  p la c e s  a lo n g  th e  b a s e  o f  th e  amoebae ( F i g .  4 4 a ) .  M icro ­

g ra p h s  o f  t h in  s e c t io n s  o f  f ix e d  specim en s a ls o  i l l u s t r a t e  t h e i r  

p r e s e n c e  ( F i g s .  2 3 ,  1 9 7 ) .  As s w e ll in g s  a r e  so m e tim e s  p r e s e n t  a t  

th e  t i p s  o f  su ch  p r o t r u s io n s ,  th e  f i lo p o d ia  may a s s i s t  i n  a t ta c h ­

ment to  th e  s u b s t r a t e .  The s t r u c t u r a l  s i g n i f i c a n c e  o f  su ch  a 

f in d i n g  r e m a in s  open t o  s p e c u la t i o n .  I t  in  l i k e l y ,  h o w e v e r, th a t  

th e  s t r u c t u r a l  and f u n c t io n a l  r o l e  o f  th e s e  p r o t r u s io n s  r e f l e c t s  

a  h e ig h te n e d  a c t i v i t y  o f  th e  am oebic s u r fa c e  m em brane.

B . 1 . 2  Ameot l c  vacu o l e s

As s u g g este d  b y  L u d vlk  and S h ip s to n e  ( 1 9 7 0 ) ,  th e  most 

m o r p h o lo g ic a l ly  v a r ie d  o r g a n e l le s  in  th e  c y to p lasm  a r e  th e  v a c u o le s . 

The m ost abu n d an t a re  th e  rood v a c u o le s  and w ith in  s u c h  v a c u o le s  

membranous w h o r ls ,  o o n c e r t r l c  r in g s  o r  m r e l in - l ik e  f i g u r e s  a r e  

o b s e r v e d , a s  d e s c r ib e d  b y  p r e v io u s  w orkers (L u d v lk  and S h lp s to n s ,  

1970»  Lowe and K a e g r a ith , 1 9 7 0 c  | P r o c to r  and G r e g o r y , 1 9 7 2 s ) .

T h ese  m em branous w horls oon e from  d ig e s t io n  o f  b a c t e r i a  a s  

s u g g e s te d  b y  S c h u s te r  ( 1 9 6 3 ) .  The b a c t e r i a l  c e l l  w a l l  p o ly s a c c h a r ­

id e  o o n s i s t s  o f  a d is a c c h a r id e  a t ta c h e d  to  a t e t r a p e p t i d e  and th e  

w hole u n i t ,  a  n u ro p e p tld e , i s  made up o f  » - A c e t y l - ^  - g lu c o s a m in e  

and F -A o e t "1 -sair-un ic a c id  Jo in e d  b y  a ^ - l i n k a g e  (B ro n k  ,  1 9 7 3 ) .

V i l o p o d i a  i s  a  te r n  used  t o  o o v o r s i t u a t io n s  w here l o n g ,  s le n d e r  
c e l l  p r o c e s s e s  o r  lo n g  e x te n s io n s  o f  th e  c e l l  c y to p la s m  c o v e re d  by 
c e l l  membrane a r e  observed  ( d k a d i a l l y ,  l f T j ) • f e M  f i l o p o d l a  have 
been  n o te d  i n  d ip lo id  V1-3A c u l t u r e  c e l l s  th a t  a r e  i n  t h e  ; r o c e s s  o f  
a tta c h m e n t o n to  a g la s s  s u r f a c e  o r  substratu m  a f t e r  t r v p e i n i a a t i o n  
(R a ja r a a n  e t  a l . ,  1 9 7 4 ) .  T h eae au th o ra  s u g g este d  t h « t  th e  s p h e r ic a l  
t i p s  o f  f i l o p o d i a  may p la y  a d i r e c t  r o l e  ns s p e c i a l i s e d  s t r u c t u r e  o f  
a tta c h m e n t t o  th e  s u b s tra tu m .
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m em brane and th e  c o n t e n t s  o f  th e  d ig e s t iv e  v a c u o le s .  Zn t h i s  

s t u d y ,  th e  ensym e i s  n o t  r e s t r i c t e d  a s  s u g g e s te d  b u t i s  d i s t r i b u t e d  

o v e r  th e  w hole v a c u o le .  A l r s o s o s e ,  w hich i s  n ew ly  s y n th e s is e d

and h a s  n o t  y e t  b e en  in v o lv e d  i n  d ig e s t iv e  a c t i v i t i e s  i s  g e n e r a l ly  

r e g a r d e d  a s  a p r i s a r r  ly s o s o n e  ( P i t t ,  1 9 7 9 )  and t h i s  s a y  be th e  

c a s e  h e r e .  Lowe and M a e g r a lth  ( 1 9 7 0 a )  n o te d  v e r y  s m a ll " ro u g h ly  

and rand o m ly  e l e c t r o n  d e n se  b o d ie s "  s c a t t e r e d  th ro u g h o u t th e  

c y to p la s m . T h ese  th e  a u th o r s  r e g a r d e d  a s  l v s o s o s e s .  In  t h i s  

s t u d y ,  a s  t e s t s  f o r  a c id  ¡h o s p h a to a e  f a i l e d  to  d e t e o t  th e  en sym s, 

i t  i s  q u e s t i o n a b le  i f  s u c h  b o d ie s  can  b e  so  r e g a r d e d .

The c r to c h e m ie a l  s tu d y  show s t h a t  TTTase i s  lo c a t e d  in  

some o f  th e  v a c u o le s .  I t  i s  d i f f i c u l t  to  i d e n t i f  th e  a c tu a l  

n a t u r e  o f  t h e s e  v a c u o le s  a s  th e  c e l l u l a r  s t i u c t u r e  b e n e a th  th e  

r e a c t i o n  p ro d u c t i s  p o o r l  • p r e s e r v e d .  I t  i s  n c e s s a r v  to  s t r e s s  

a t  t h i s  p o in t  t h a t  some enzym es a r e  s e n s i t i v e  t o  g lu ta r a ld e h y d e  

and th ia m in e  p y ro p h o s p h a ta s e  i s  o n e .  Q lu ta ra ld e h y d e  p e r m its  th e  

e n a c t  l o c a t i o n  o f  an ensym e w ith  r e f e r e n c e  to  th e  p r e s e r v e d  c e l l u l a r  

s t r u c t u r e .  As g lu ta r a ld e h y d e  i s  n o t  used  f o r  T 'T a s e  l o c a l i s a t i o n ,  

p e r f e c t i o n  in  th e  p r e s e r v a t io n  o f  th e  u l t r a e t r o o t u r e  h a s  to  b s  

s a c r i f i c e d  to  a llo w  some l o c a l i s a t i o n  o f  th e  ensym e.

T h is  i s  p r o b a b ly  th e  f i r s t  r e p o r t  o f  T T Im s  l o c a l i s a t i o n  

i n  an am oebic  v a c u o le .  Such  a  f in d i n g  in d io a te s  t h a t  th e  v a c u o le s  

a r e  a b l e  t o  p erfo rm  th e  s e c r e t o r y  a c t i v i t i e s  o f  a  g o lg i  com p lex .

The c o r r e l a t i o n  be tw een  g o lg i  co m p lex  and th e  l y t l e  e n s v e s  h as 

b e e n  s tu d ie d  b y  L ooks and S y k e s  ( 1 9 7 9 )  w orking on th e  o r i g in  e f  

th e  m em branes and th e  l y t i c  en svm es w hich  a r e  In v o lv e d  in  au toph agy 

i n  th e  n e t  am or; h o s in g  I n s e c t  f a t  b o d y . The- d em o n stra ted  th a t  th e  

g c l g i  co m p lex  g iv e s  r i s e  t o  l y t i c  e n s v n e a . The a p p e a ra n ce  o f  f u s s y  

v e s i c l e s  on  th e  l i m i t i n g  m em brane o f  th e  am oebic v a c u o le e  would



s u g g e s t  th a t  th e y  to o  B ay  e x h ib i t  a » » c r e to r v  r o l e  i n  prod u cin g  

p r ia a r v  ly eo aom o s. The f in d l n . 's  o f  Roaenbaua and W lt t n e r  (1970 ) 

how ever would n o t su p p o rt th e  h y p o th e s is  th a t  th e  v a o u d e s  say  

p la y  such  a s e c r e t o r y  r o l e .  They showed in  e e v - r a l  m icro g rap h s 

th e  p r o x ia l t v  o f  RHP h e l i c e s  to  d ig e s t iv e  v a c u o le s  an d  su g gested  

t h a t  th e  r ib o s o a e s  o f  th e  R!T h e l i c e s  a re  a c t iv e  i n  s y n t h e s i s  

and d ig e s t iv e  en sy a e s  a r e  tr a n s p o r te d  fro n  th e  e h r c a a t o l d  b o d ies 

t o  foo d  v a c u o le s  by th e  h e l i c e s .  The sane a u th o rs  b e l i e v e d  th a t  

th e  h e l i c a l  p o ly r ib o s o e e  o f  3n taeo eb a  h i s t o l y t i c a  i s  a n a lo g o u s  

to  a  p rim ary  1 rso a o a e  i n  nan and o th e r  a n la a la .  O r i f f i n  (1 9 7 1 )  

f a i l e d  to  f in d  any a a s o c ia t lo n  betw een th e h e l ix  an d  t h e  vacuole 

and s u g g e s te d  t h a t  th e  e h ro n a to id  b o d ie s  a re  b e s t  e x p la in e d  as 

s to r e d  a g g r e g a te s  o f  r lb o s o a a l  h e l i c e s  a v a i la b le  f o r  u s e  a f t e r  

e n c y e tn e n t . The p re s e n c e  o f  s  r lb o n u c le o j r o t e jn  h e l i x  in  an 

a r o e b lc  v a c u o le  ( P ig .  l r ) ,  h ow ever, would s u p jo r t  t h e  h y p o th e s is  

o f  Rosenbaum .-uid V l t t n e r  ( 1 9 7 0 )  b u t such a f in d in g  i s  r a r e .  I  have

A lthough u n s p e c i f ic  p h osp h atases  a re  l o c a l i s e d  w ith in  

t h s  e y t o p la s a lc  nsn brano  o f  b s c t o r l a l  onvelopos ( C o a t o r t o n  a t  a j . ,

1 9 7 4 )  and I f M l f t l  , h oap h ataeea  such a s  "2 B t a s t f

h ex o se  a o n o p h o sp h atass and c y c l i c  p h o u p h o d ieste rase  r e a c t i o n  

p ro d u c ts  a re  found i n  th e  p o r ip la o a ic  sp ace  and a t  t h e  c o l l  s u r fa c e  

• f  S o ch o r l c h i a c o l l  ( " e t s e l  o t  a l . ,  1 9 7 0 ) ,  i t  i s  u n l i k e l y  th a t  

TPTaoe in  an a n o s h lc  v a c u o le  i s  b a c t e r i a l  In  o r i g i n ,  a s  su ck  

p ro d u c ts  a r e  c o n fin e d  to  th e  w a lls  o f  th e  v a c u o le s .

1 . 1 . 3  a i d o i l a g a j c  r s t ib u j u a  a n d & l g j  a ir a r » tu s

W hether r e a c t io n  p ro d u c ts  f o r  T»*Faee a r e  l o c a l i s e d  In  

s i t t e r  (y o lg l a p p a r - t u e - l ih e ,  o r  end op lasm ic r e t l e u l u n - l l V o  

v a c u c le a  l a  n o t a a s v  to  d i s c e r n ,  ■« Q o ld fle c h s r  e t  a l . ,  (1 9 7 1 )
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h av e d em o n stra ted  t h a t  i n  l i v e r  h <- a t o e y t a s , T P Ja s e  and in o s i n a

d i p h o s p h a ta s e , w hich i s  com monly u se d  as an en d o p la sm ic  r e t ic u lu m  

B a r k e r ,  d i f f e r  n o t  o n ly  i n  i n t r a c e l l u l a r  d i s t r i b u t i o n  b u t a ls o  i n  

pH o p tim a . T P P aas i s  m ost a c t i v e  in  th e  en d o p la sm ic  r e t ic u lu m  

i t  H .0 , vh M M  a t pi! 7 .^  th e  M I J B «  i s  r o o t  a c t i v e  in  th e  

G o lg i—a p p a r a tu s . T h e se  a u th o r s  c o n s id e r e d  t h a t  TP T ase i s  a  u s o f u l  

m arker f o r  th e  G o lg i  a p p a r a tu s  i f  th e  pH i s  kept, betw een  6 .5  and 

7 . 0 .  As th e  pH o f  th e  in c u b a t io n  medium u se d  i n  th e  p r e s e n t  

s tu d y  was 7 * 0 ,  th e  s t r u c t u r e  b e a r i n g  th e  r a a c t i o n  p r o d u c ts  would 

th e r e f o r #  a p p e a r  to  be a  G o lg i  a p p a r a t u s - l ik e  v a c u o le . B e c a u s e  o f  

t h e  p oor p r e s e r v a t io n  o f  th s  t r o p h o z o i t e s  l o c a l i s e d  f o r  T P T a s e , i t  

i s  n o t p o s s ib le  t o  o o r r o l a t e  th e  f u n c t io n a l  r o l e  o f  th e  enzyme 

w ith  i t e  s t r u c t u r e .  I t  i e  a l s o  n o t  p o s s ib le  t o  d e m o n s tra te  w h e th e r  

v a c u o le s  w ith  m ic r o p in o c y to t ic  v e s i c l e s  ( o r  f u z z y  v e s i c l e s )  a r s  

r e l a t e d  to  th e  en zy m atic  a c t i v i t y  o f  T P P ase . O n ly  p resu m p tiv e  

e v id e n c e  t h e r e f o r e  c an  b e  p r e s e n t e d .  V iv e l in s k i  e t  a l . (1 9 7 4 )  

fou nd  s  p o s i t i v e  TPPa<*3  r e a c t i o n  i n  v a c u o le s  o f  t is r .u e  c e l l s  o f  

th e  'c o g  m y o c-rd iu .; end c o r r e l a t e d  th e  p r e s e n c e  o f  T P I'ase  p r o d u c t io n  

w ith  th e  e l a b o r a t i o n  o f  t f r oow l . r x  m a te r ia l  o r  g l y c o p r o t e i n .

O h a d la lly  ( 1 9 7 5 )  s t a t e d  t h a t  m lc r o p in o o y t o t io  v e s i c l e s  a r e  known 

t o  form  when p r o t e in  i s  b e in g  t r a n s p o r te d  in t o  th e  c y to p la s m .

Sh o u ld  t h ia  ba  t r u e ,  th e n  a n o e b le  v a c u o le s  do p la y  an im p o rta n t 

r o l e  in  p r o te in  t r a n s p o r t .

P r e v io u s  a u th o rs  h ave n o t  shown u n a n im ity  o f  o p in io n  

r e g a r d in g  th e  n a tu r e  o f  am oebic en d o p lasm ic  r e t ic u lu m  and th a  G o lg i  

a p p a r a tu s . Lowe and M a ey ra ith  ( 1 9 7 0 a ,  c )|  L ud vlk and S h ip a to n e  

( 1 9 7 0 )|  B ir d  ( 1 9 6 1 )|  H i l l e r  •« a l .  ( l 9 6 l ) |  and R l-H ash lm i end 

P ittm a n  (1 9 7 0 )  a l l  f a i l e d  to  f in d  a  G o lg i  a p p a r a tu s  a s  d e fin e d  f o r  

m etazoan c e l l s .  A s p e c i a l  a rra n g e m e n t o f  sm all v e s i o l e s  and sm ooth
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2  d i f f e r e n t  s u b s t r a t e * * e r t id e n *  5 -« o n o p h o s ,h a te  and sodium  

P  - g lv c o r o p h o s p h a te ,  no a c id  p h o s p h a ta s e  was found in  t h *  n u c l e u s .

O o n z s le s —Angulo e t  a l  ( 1 9 7 3 )  u s in g  c v to c h e n i c a l  s t a i n s  I n v o lv in g  

e n z y m a tic  t r e a tm e n ts  found t h a t  DHAse d ig e s te d  DTA i n  tb e  c e n t r a l

c o r *  o f  t h e  n o n -v e s le u la r  i n c l u s i o n s .  Such f in d in g s  i n d ic a t e  

t h a t  th e s e  c i r c u l a r  dark b o d ie s  may in v o lv e  r e p l i c a t i o n  and i n t e r ­

a c t io n  o f  geno n a d u rin g  d i v i s io n  o f  t h *  .r o t o s o o n .  Such a  f i n d i n g  

■ay e x p la in  th e  f u n c t io n a l  s l & i i f i c a n c *  o f  a c id  p h o s p h a ta s e  i n  

th e  b o d i e s .

T h *  p r e s e n c e  o f  e l e c t r o n - d e n s *  membranous s t r u c t u r e  

and r ib c e o n a l  m a te r ia l  in  t h *  v e s i c u l a r  t " p e  n u c le a r  in c l u s io n s  

p r o b a b ly  i n d i c a t e s  t h a t  t h e s e  v e s i c l e s  h ave t h *  p r o p e r ty  to  d i g e s t  

p o r t io n s  o f  t h e i r  own n u c le o p la s m . 1 % ***  b o d ie s  th u s  have an 

a u to p h a ^ c  f u n c t io n .  T h is  would n o t  b e  u n re a s o n a b le  a s  e s l l u l a r  

au to p h ag v  i s  a  c h a r a c t e r i s t i c  o f  a c s l l  and s a y  p la y  a  k e y  r o l *  i n  

t h *  sconom y o f  t h *  * *1 1  t »  p a r t i c i p a t i n g  in  tu r n o v e r  o f  c a l l  

c o n s t i t u e n t s  ( f i t t ,  1 9 7 r ) .

Zanan (1 9 7 3 )  s t a t s d  t h a t  t h e s *  in t r a n u c le a r  b o d ie s  a r *  

n o t e s s e n t i a l  f o r  s u r v iv a l  o f  t h *  am oeba* a *  o c c a s io n a l l y  t h *  

n u c l e i  a r *  o b s e r v e d  to  b s  a lm o st d e p le te d  o f  them . T h is  view  i s  

o o n flrm sd  i n  P i f f .  2 s  and 7 3 *  Zanan a l s o  o b se rv e d  t h e s *

in c l u s i o n s  In  ■Ulta;.'-ela c o l l  and b s l i e v s d  th a t  th s y  c a n n o t b s  

re g a r d e d  a s  an a g g r s s s lv s  m ech an ism .

S I  ml 1 « r  in t r a n u c le a r  la m in a te d  i n c l u s i o n s ,  c o m p ris in g  

a l t e r n a t i n g  c o n c e n t r i c  r in g s  s f  e l e c t r o n - d e n s e  and e l e c t r o n - l u c e n t  

a a t e r l  a l  ,  h a v e  a ls o  been  s e e n  i n  c e l l s  o f  v a r io u s  t y p e s ,  w hich  a r *  

known t o  b e  c a p a b le  o f  d e v e lo p in g  a  m ucoid  s e c r e t o r y  p ro d u c t 

( i h a d i a l l r ,  1 9 7 7 ) *  i l l  t h e s e  in c l u s i o n s  hove a s i n g l e  l o o s e -  

f i t t i n g  c re m a te d  m embrane. Such e v id e n c e ild  e t r o n g l  v s u g g e s t
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1 3 6
t o  b o  d is c h a r g e d  in t o  th e  c o l l  o r  s u rro u n d in g  m ed ium . The "v an s 

s t r a i n  (m onoxenic c u l t u r e )  usod  b y  J 'n ig h t  c t  a l . ( 1 9 7 5 )  i n i t i a l l y  

c a r r i e d  th e s e  p a r t i c l e s ,  b u t  a f t e r  2 y e a r s  o f  s u b c u l t u r i n g ,  th e y  

d is a p p e a r e d . T h e ir  d is a p p e a ra n c e  d id  n o t a f f e c t  t h e  l v t i e  e f f e c t  

o f  t h e  amoebae on th e  c u l t u r e d  c e l l s  ( ? l g s .  7 2 ,  7 6 b ,  7 6 c ) ,  

e v id e n c e  t h a t  th e s o  b o d ie s  do n o t  n e c e s s a r i l y  c a r r y  h y d r o ly t i c  

e n zy m es . Lowe and K a e g r a l th  (1 9 7 0 a )  a ls o  q u e s t io n e d  t h e  s i g n i f i -  

c a n c e  o f  th e s o  b o d ie s  a s  th e y  o c c u r  in  a x e n is e d  L n r e d o  s t r a i n .  

S i m i l a r  b o d ie s  have b e en  s e e n  on c y to p la s m ic  f a c e s  o f  t h e  plaem a 

membrane o f  c lo n e d  h y b r id  c e l l s ,  i n  i n t e s t i n e ,  s q u id  a x o n ,  m uscle 

and s l im e  mould and w ith in  s y n a p t ic  v e s i c l e s  ( L a r c e n ,  1 9 7 5 ) .  Such 

d e p o s i t s  a r e  u s u a l ly  w id e ly  s e p a r a te d  and c o n ta in  C a2 *  s a l t .

L a rs e n  p u t forw ard  3 p o s s i b l e  e x p la n a t io n s  f o r  d e p o s i t  fo r m a tio n  «

a )  a  h ig h  I n t r a c e l l u l a r  c o n c e n t r a t io n  o f  c a lc i u m  

i n h i b i t s  t h e  p r o c e s s  o f  movement o f  io n s  a c r o s s  th e  m em bran e!

b )  Ca'5-* e n t e r in g  t h e  c e l l  a c t s  a s  a t r a p p in g  a g e n t ,  

p r e c i p i t a t i n g  a n io n s  p rod u ced  b y  th e  h y d r o ly s is  o f  e n d o g en o u s  

s u b s t r a t e s  su ch  as ATP|

c )  Ca?  may p r e o i p i t s t e  w ith  p y ro p h os; h a t e  p ro d u c e d  

from  en d og en ou s ATT b y  a d s n y ls t s  o y e l a s s .

K.2
VITO  CULTURE CELLS

B .2 .1  Ib u s t .o n c e  o f . » o b j c  s u r fa c e  ly soso m es

E a to n  a t  s i .  ( 1 9 6 ? ,  1 9 7 0 )  p u t forw ard  an e x c i t i n g  h y p o th e s is  

t h a t  " s u r f a c e —ly s o s o m ss "  m ig h t b e  an a g r r e s s iv *  m ech a n is m . Thsy



w ere s tu d y in g  t h e  l . r t l e  e f f e c t  o f  IC. h i s t o l y t i c a  on m on o lavers 

end a u g g e a ted  t h a t  th e  e f f e c t  wee n o t due to  th e  l i b e r a t i o n  o f  

to z in e  o r  en avm es b u t  wee c  on t a c t  -d ep en  den t .  T h ey  p u b lish ed  

n ie r o g r a p h s  r e v e a l i n g  " e u r fa c e - lv a o a o m e s ” w hich  w ere eq u ip p ed  w ith  

e lB p le  o r  eon pou nd  tu b u la r  " t r i g g e r s "  u n d er th e  am oebie p la a n a -  

le m a t. The a u th o r s  s u g g e s te d  t h a t  on c o n t a c t  w ith  an o b je c t s  th e  

t r i g g e r  r e l e a s e d  ly a o s o n a l  o r  c y t o t o x ic  e n iy s s s  i n t o  th e  c e l l .  

l% e se  ly s o s o s e s  w ere th o u g h t to  c o n ta in  a c id  p h o s p h a ta s e  shown b y  

th e  O onorl s t a i n i n g  te c h n iq u e .  T h is  p r e s e n t  s tu d y  d o es n o t s u p p o rt 

t h i s  t h e o r y  a s  no u l t r a s t r u c t u r a l  com ponent w hich  m l^ it  be 

• o n stru ed  as a S u r f  » c e -ly s o s o m e  c o u ld  b e  fo u n d . I f  s u r fa c e — 

ly s o s o s e s  do e x i s t ( c y t o c h e s i c a l  te c h n l u e s  s h o u ld  r e v e a l  a n ark ed  

and l o c a l i s e d  r e a c t i o n  p ro d u c t on th e  I n t e r a c t i o n  a r e a  betw een 

a i t  air c e l  h i s t o l y t i c a  -u»d t h s  h o s t - c e l l s .  H ow ever, in  t h i s  s tu d y ,  

th s  I n t e n s i t y  o f  r e a c t i o n  p ro d u c t ( a c id  p h o s p b e ta s s  d y e -te c h n iq u e )  

r e v e a ls d  o n ly  a weak r e a c t i o n  in  Entam oeba h i s t o l y t i c a  t r o p h o s o l te s  

and ever, a f t e r  th e  a d d it io n  o f  aaw ebae to  s  n o n o la y e r ,  t h e r e  was 

l l t t l s  d i f f o r e n c o  i n  t h s  l n t s n s l t y  o f  s t a i n i n g ,  and th s  r e a c t io n  

p ro d u ct was n e v e r  a s s n  to  b e  c o n fin e d  to  th e  s i t s  o f  a t t a c h s e n t .

The r e a c t io n  p r o d u c t ,  h o w s v e r , i s  r e s t r i c t s d  to  fo o d  v a c u o le s  

( M g .  2 0 0 ) .

O n ly  s  few  ly s o e o n a l e> c v *« e  eu ch  as "-/•| . - 0 - -

g f tv s e e e s ln l dae ' ,  a c id  p h o s p h a ta s e  and ^ - g s l a B t o s l d e s e  e r e  p r e e e n t  

i n  an a s o e b a . O th e r  a c id  h y d r o la s e a ,  n o n - s p e c i f i c  e a t e r a e e ,

0  -g lu c u r o n id a s e  and a r y l  s u lp h a ta s e  a r e  o n ly  ] r e s e n t  i n  fe e d  

vacuo le e  a f t e r  a p r o lo n g e d  p e r io d  o f  i n t e r ' c t i o n .  V—A c e ty l -  0  -  

g lu c o e a n in id a s e  i s  o n ly  c o n fin e d  t o  th e  am oebic e y t o p ls s s  and t h e r e  

i s  no en han cem ent e f  t h e  ensvwie when th e  am oebae a r e  added to  th e  

s e l l s .  I f  th s  s u r f a o s —ly B o o o n e c o n c s p t was o p e r a t iv e  a sp read  e f
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t h i s  enr.vme i n t o  th e  c e l l  sh o u ld  o c c u r  b u t non e v ° i  d e t e c t e d .

B o s  ( 1 9 7 3 )  v m  u n a b le  to  d e m o n s tra te  fro m  b o th  a c id  

p h o s p h a ta s e  s t a i n i n g  and s t u d ie s  o f  e l e c t r o n  m ic r o g r a p h s  th a t  

s u r f a c e —a c t i r e  ly so so m es w ith  t r i g g e r s  a r e  p r e s e n t  a t  th e  s i t e  o f  

o o n t a c t .  B e  S h o r  e t  a l .  ( 1 9 7 3 )  r e v e a le d  a s t r o n g  r e a c t i o n  o f  a c id  

p h o s p h a ta s e  i n  th e  p seu d o p o d ia  and s u g g e s te d  t h a t  t h i s  « n r e * ,  in  

k e e p in g  w ith  b a t o n 's  f in d i n g s ,  p la y s  an im p o rta n t r o l e  in  

Z. h i s t o l y t i c a  i n v a s iv e n e s s . * * i r f a c e  lr s o s o m e s  w ere  o b ee rv e d  by  

P r o c t o r  and G reg o ry  ( 1 9 7 2 b )  b u t t h e i r  p h o to g ra p h ic  e v id e n c e  i s  

n o t  c o n v in c i n g .  T r e v in o -G a r c ia  Kan bo e t  a l .  ( 1 9 7 1 a )  a l s o  c la im ed  

t o  h ave s e e n  th e s e  o r g a n e l l e s ,  b u t t h e "  o n ly  l o c a l i s e d  a c id  

p h o s p h a ta s e  on  th e  s u r f a c e  o f  th e  piasm alemm a b e n e a th  w hich la y  

" t h e  o r g a n e l l e - l i k e  ly s o s o m e " . In  t h e i r  p h o to g ra p h , t h i s  

" o r g a n e l l e - l i k e  ly so so m e" shows a b se n c e  o f  a c id  p h o s p h a ta s e .

On t h e  o th e r  h an d , o th e r e  (K agsudda e t  a l . t 1 9 7 0 1 

E l-H a e h lm i and F i t tm a n ,  1 9 7 0 1 G r i f f i n ,  19 7 2 »  k n ig h t  e t  a l . ,  1975 ) 

w ere n o t  a b l e  t o  e o n firm  th e  p r e s e n c e  o f  s u r f a c e —l i k e  ly so so m ee . 

Su ch  a u th o r s  r e g a r d e d  th e s e  o r g a n e l le s  as  a r t e f a c t s  i n  p r e p a r a t io n  

o r  f i x a t i o n .  I n  r e p ly  to  c r i t i c s ,  P r o c to r  and O re g o rv  ( 1 9 7 3 s )  

r e a f f i r m e d  th e  s u r f a c e  a c t i v e  ly soso m e h y p o th e s is  i l l u s t r a t i n g  

w ith  m ic r o g r a p h s  p r o g r e s s lv e  s t a g e s  in  th s  d ev e lo p m e n t o f  t r i g g e r  

m ech a n ism s. T h e s e  a u th o r s ,  h ow ev er, con ced ed  t h a t  s u c h  s p e c i a l i s e d  

ly s o s o m e s  w ere o n ly  r e v e a le d  in  one p a th o g e n ic  s t r a i n  (1TIH i 2 0 0 )  and 

n o t  i n  th e  o t h e r  one (HT-9 ) .  In  B ato n  e t  a l . ' a  h y p o t h e s i s ,  th s  

a c id  h y d r o la s e s  a r e  r e le a s e d  from  s u r fa c e  ly s o s o m e s  b y  d e p o la r is in g  

t h e  membrane o f  t h e  o e l l .  Lushbaugh and k i l l e r  ( 1 9 7 4 )  w o rk in g  on 

th e  g ly e o cr> ly x  o f  £ .  h i a t o l r t l c -  c o u ld  mot d e t e c t  an y s p e c i a l  

c h a r g in g  r e l a t i o n s h i p  i n  a s s o c ia t i o n  w ith  a s u r f a c e  l r e o s o m e .

A lth o u g h  th e  c y to c h e m ic a l  s tu d ie e  i n  th e  p r e s e n t  work
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gave n e g a t iv e  r e s u l t a  f o r  n o n - s p e c i f i c  e s t e r a s e ,  ^ - g lu c u r o n id a s e

and a r y l  s u lp h a t a s e ,  such r e s u l t s  do n o t  i n d i c a t e  th a t  th e s e  

en sy se s  a r e  w h o lly  ab sen t in  £ .  h i s t o l y t i c a  t r o p h o z o i te s .  The 

l e v e l s  o f  enzyme a c t i v i t y  s a y  w e ll be to o  lo w  f o r  h ls to c h e m ic a l  

seth o d s t o  r e v e a l  t h e i r  p r e s e n c e . At th e  s a n e  t i n e ,  the 

in h i b i t o r y  e f f e c t  o f  f i x a t i v e s  may a b o l is h  a c t i v i t y .  Hayat ( 1 9 7 4 )  

s t r e s s e d ,  h ow ever, th a t  a r e c o v e r y  o f  12% o f  a c id  p h osph atase i s  

s u f f i c i e n t  f o r  l i g h t  and e l e c t r o n  m ic r o s c o p y  o b s e r v a t io n s . Non­

s p e c i f i c  e s t e r a s e  h as been l o c a l i s e d  c -^ to c h e m lc a lly  a t  l i g h t  

s ic r o s c o p v  l e v e l  in  round o r  r o d - l ik e  g r a n u le s  e v e n ly  d is t r ib u t e d  

in  th e  c y to p la sm  o f  b a c t e r i a - f r e o  amoebae c u l t i v a t e d  with 

o r i t h l d i a s  ( V lc h e l  and W estp h a l,  1 9 7 0 ) .  F s r h '- p s  such r o d - l ik e  

g ra n u le s  c o u ld  how ever be d e r iv e d  from i n g e s t e d  c r i t h i d i a e ,  whoso 

ly so so n e s  c a r r y  n o n -s p e c i f ic  e s t e r a s e s .

The e x is t e n c e  o f  s u r fa c e  ly s o s o n e s  i s  m ost d e f in i t e l y  

open to  d o u b t.

I .  2 .2 .  B E t r a c e l lu la r  Ü x e s t l o s

A lk a l in e  p h osp h atase  and le u c in e  am i n o p e p tid a s e  a re  

v i r t u a l ly  a b s e n t  in  b o th  W 1 J  and E . h l s t o l v t l c a  «1 thou»* un d er t b s  

e l e c t r c n  m ic r o s c o p e , a  t r a c e  o f  e l e c t r o n - d e n s e  p r e c ip i t a t e s  f o r  

a lk a l in e  p h o sp h a ta se  i c  d e p o s ite d  a lo n g  c e l l - j u n c t i o n s  in  th e  H O 3 

m onolayer.

A lk a l in e  p h o s p h a te s e , e s t e r a s e s ,  and le u c i n e  a m ln o p e p tl-  

d ase  have been  found in  th e  h o l d f a s t ,  a s p e c i a l i s e d  organ o f  

a tta c h m e n t, o f  s t r i  g e ld s  (a v ia n  p a r a s i t i c  tr e m á to d o s )  (L e a , 1?6?|  

Erasmus and Ohm a n , 1 9 6 J|  Ohm a n , 19 6 4 ) and p l a -  an im portan t r o lo  

in  both a tta c h m e n t o f  th e  h o ld f a s t  to  th e  h o s t - g u t  w a l l ,  and 

d ig e s t io n  o f  n e ig h b o u r in g  o o l l a .  I n  v i t r o  t o o t s  h ave d em on strated  

th a t  a lk a l in e  p h o sp h atase  and e n te r a s e s  a re  s e c r e t e d  to  th e  e x t e r i o r
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o f  th e  s t r i g e i d ,  C y a th o o o tv le  b u e k ie n a ia .  find o n to  th e s u r f a c e

o f  t h e  duck caecum ("r n s n u a  and Ohman, 1 9 6 3 ) .  Such a e o r e t io n  had 

a m arked e f f e c t  on th e  a u c o s a  o f  th e  duck caecu m ,  where t h e  c e l l s  

u l t i m a t e ! ” becam e red uced  to  a g r a n u la r  mush. The a d h e s iv e  o rg an  

o f  C_. b u e h le n s l s  thue s e r v e s  n o t o n ly  f o r  a tta c h m e n t b u t a l s o  f o r  

e x t r a c o r p o r e a l  or e x t r a c e l l u l a r  d ig e s t io n  i n  w hich  h o s t  t i s s u e s  

w ere red u c ed  to  a g r a n u la r  form in  w hich th e y  c o u ld  b e  in g e s t e d  

( iM W J S  and Ohm a n ,  1 9 6 3 )«  S i m i la r ly  in  a n o th e r  a t r ig e id  

D iplostom um  i h o x in i  e s t e r a s e s ,  which a r e  s e c r e t e d  e x t r - c e l l u l  n r ly  

by  th e  p seu d o su c k e rs  in  th e  h o l d f a s t ,  h ave a h i o t c l ' - t i c  a c t i o n  on 

th e  a t t a c h i n g  e e l l s  th u s  m aking in g e s t io n  o f  th e  t i s s u e s  e a s i e r  

( L e e ,  1 9 6 2 ) .  S e v e r a l  d i f f e r e n t  a l i a  . ' s s  have a l s o

been  lo c a t e d  a t  th e  s u r fa c e  o f  th e  ScfaiB to  stoma tegum ent and t h e i r  

p re s e n c e  h as been  c o r r e la t e d  w ith  th e  m e ta b o lic  u p tak e o f  g lu c o e e  

by  th e  tegum en t from  th e  s u rro u n d in g  medium ( H o c k le y , 1 9 7 3 ) .

S tr o n g  le u c i n e  am in o p e p tld ase  a c t i v i t y  i s  a ls o  lo c a t e d  in  th e  

tegum ent o f  S c h is to so m a  rodhi/u, and i t  h as been  su g g e s te d  t h a t  t h i s  

ensyme h y d ro ly s e d  p e p t id e s  which have a  f r e e  a  —amino group o n  a 

te r m in a l le u c i n e  o r  o t h e r  r e la t e d  amino a c id  (H o c k le y , 1 9 7 3 ) .  The 

serum p r o t e in *  a r e  a l s o  bro ken  down b y  le u c i n e  am inopeptidam e and 

f r e e  am ino a c id s  a r e  ab so rb ed  th roug h  th e  teg u m en t. Such e x p e r i ­

m en tal f in d i n g s  e s p e c i a l l y  th o s e  on av io n  trem t o d e s ,  a t r l g e l d s ,  

i l l u s t r a t e  e x t r a c e l l u l a r  d ig e s t io n  t a k in g  p in e s  among p a r - a i t i c  

o rg an ism s where th e  oM T Saa s - n th e s la e d  b y  th e  c e l l  a re  p a s s e d  in t o  

th e  e x t r a c e l l u l a r  medium and h ence a c t  a t  aome d is ta n c e  from t h e  

s e c r e t i n g  e e l l .

I t  h as been  s u g g e s te d  th a t  th e  £ .  h i s t o l y t i c a  t r o p h o s o l te a  

a r e  c a p a b le  o f  e x t r a - c e l l u l a r  d ig e s t io n  ( V e s tp h n l ,  193d ) on t h e  

assum ption  t h a t  p r o t e o l y t i c  enaymss e r e  s e c r e t e d  e x t r n o e l l u l a r l y
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h o s t - c a l l  a c id  h y d r o la s e s  to  b r e a k  down t h e  in g e s t e d  h o s t - c e l l  

com po nen ts.

E . 2 . 3 .  M echanism  o f  am oebic  p h a g o c y to s i s

The p r o c e s s  o f  u p ta k e  o f  p a r t i c u l a t e  m a te r ia l  i n t o  a  c e l l  

cy to p lasm  d e s ig n e d  f o r  i n t r a c e l l u l a r  d i g e s t i o n  i s  known a s  p h ag o ­

c y t o s i s .  Such a phenomenon h as b e en  shown i n  t r o p h o z o i te s  

in g e s t in g  p a r t i c l e s  such  a s  e r y t h r o c y t e s ,  s t a r c h  g r a n u le s ,  le u c o c y t e s  

and C r l t h l d l a e .  ( B i r d ,  19 6 1 »  C h e v e s , 1972t V e s tp h a l e t  a l • , 19 7 2 »  

T r e v in o  e t  a l . ,  19 7 2 «  P r o c t o r ,  1 9 7 4 »  Tam an, 1 9 6 2 ,  1 9 7 0 ) .  V e s tp h a l 

s u g g e s te d  t h a t  th e  t r o p h o z o i te s  o f  J3 . h i s t o l y t i c a  a re  in c a p a b le  o f  

in g e s t in g  t i s s u e  c e l l s  w ith  i n t a c '  p lasm a m em bran es (  .’e s t p h a l ,

1 9 3 9 ) *  R e c e n t l y ,  K n ig h t e t  a l .  (1 9 7 5 )  r e p o r t e d  in g e s t io n  o f  c e l l  

d e b r is  b y  t r o p h o s o l t e s  a f t e r  a c o m p le te  d i s i n t e g r a t i o n  o f  th e  c e l l  

c y to p la s m . I n  t h i s  s tu d y , th e  am oebae a r e  s e e n  t o  b e  c a p a b le  o f  

p h a g o c y to s ln g  t i s s u e  c u l t u r e  c e l l s ,  whose p la s m a  membranes a r e  

I n t a c t ,  a lth o u g h  th e  c e l l  o r g a n e l le s  show g r o s s  p a t h o l o g ic a l  

e h a n g e s .

My I n t e r p r e t a t i o n ,  from  t h i s  s tu d y  o f  e v e n ts  in  p seu d o  -  

p o d ia l  p h a g o c y to s is  o f  I n t a c t  c e l l s  i s  i l l u s t r a t e d  d ia g r a m a t lo a l ly  

i n  P i g .  T (A t o  E).
P i g .  T (A ) H e re , th e  c e l l ,  w hich  i s  n o t  in  c o n t a c t  w ith  

th e  am oeba, i s  u n a f f e c te d  and i t s  o r g a n e l le s  a r e  undam aged.

( B )  B e f o r e  and J u s t  a f t e r  t h e  I n i t i a t i o n  o f  

c o n t a c t  th e  m i o r o v l l l l  o f  th e  h o s t  c e l l  a r e  s e e n  t o  e x ten d  and 

p o in t  tow ard s th e  iw o e b t . Such a f in d i n g  r e f l e c t s  d i f f e r e n c e s  i n  

t h e  s u r fa c e  c h a rg e  betw een  th e  c u l t u r e  c e l l s  an d  t h e  am oebae.

(C )  Cnee th e  o o n ta c t  i s  m ade b e tw een  th e  am oeba 

an d  th e  h o s t  e e l l ,  a t o x i c  s u b s ta n c e  i s  re le a rn e d  o n to  th e  s u r f a c e  o f  

t h e  c e l l .  The e f f e c t  i s  im m ed iate  a s  o e l l  o r g n n e l l e e  und ergo  a
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( f )  A p h a g o c y to t lc  ch a n n e l l a  f o r a e d  and th e  a r e a  

s u r ro u n d in g  th e  c h a n n e l becom e» e c t o p la s m i c .  V e a tp h a l a t  a l . 

( 1 9 7 2 )  r eg a rd ed  an a r e a  a u rro u n d in g  in g e s t e d  M a te r ia l  i n  th e

p r o c e s s  o f  in g e s t io n  aa  a p h a g o c o l l a r .  The M lcro p eeu d o p o d la  s t i l l  

M a in ta in  t h e i r  ¿ T ip  on th e  in g e s te d  e u lt u r e  o e l l  a id in g  c e l l -

a b s o r p t io n  in t o  th e  c y to p la s m . The e l s e  o f  th e  p h a g o c y to t lc  

c h a n n e l i s  found to  r a r - ,  and th e  ec to p la s m  s u r ro u n d in g  th e  ch an n e l 

i s  w e ll d.- fin e d  a s  s n a i l  f i l a m e t . . re  v i t . i l  l e .  T h ese

f i l a m e n t s ,  h ow ever, a r e  n o t s i m i l a r  to  th e  o n es d e s c r ib e d  l ” M ich el 

an d  Schupp (1 9 7 5 )»  who c o n s id e r e d  th e  f i l a m e n t s  o f  9 —14  n s  in  

d ia m e te r  to  b e  a y o s ln —l i k e  f i l a m e n t s  sp r e a d  m a in ly  i n  t h e  u r o id  o f  

t h e  M oving amoeba*

( 0 )  The n lc r o p e e u d o p o d ia  e x ten d  and e n g u lf  th e  m a te r ia l  

t o  f o r a  a la r g e  v a c u o le  w hich  m erges in t o  th e  c y to p la s m .

(H) At th e  end o f  th e  c h a n n e l ,  w here a v a c u c le  o r  b u lb  

i s  fo rm ed , v e s i c l e s  h ave d e v e lo p e d . In ch  v e s i c l e s ,  c o n t a in in g  o s l l  

c o n t e n t s  a r e  r e le a s e d  i n t o  th e  c y to p la sm  w here th e y  so o n  f u s e  w ith  

lv e o s o m e s . An a l t e r n a t i v e  m ech a n ise  may o p e r a te »  th e  lym osom ee 

may f u s e  w ith  th e  b u lb ,  end th e  h y d r o ly t ic  ensym ee a r e  th e n  d i s ­

c h a r g e d  in t o  th e  b u lb  w here f t i r t h * r  hyd ro 1 r a l e  ta k e s  p l a c e .

When th e  am oebic  t o x i c  e f f e c t ,  h o w ev e r, was b lo c k e d  b y  an 

a d d i t io n  o f  p ro m eth aa in e  h y d r o c h lo r id e ,  p h a g o c y to s is  was n o t 

c o m p le t e ly  I n h ib i t e d  ( T i g .  19 6 a ) .  H e re , due t o  th e  r e t e n t i o n  o f  

c e l l  r ig *  d i t v  in  th e  p r e s e n t  o f  p r o n e th a s ln e  h y d r o c h lo r id e ,  th e  

p h a g o e y to t l e  ch an n e l i s  u n u s u a lly  la r g e  and th a  am oebic  e l c r o p s e u d o -  

p o d ia  a r e  n o t  f ta l ly  fo rm ed . Such  a f in d i n g  d o es  i n d i c a t e  t h a t  th e  

am oeba i s  a ls o  c a p a b le  o f  in g e s t i n g  a h e a l th y  e e l l  w ith  Mt i n t a c t  

p lasm a  M em brane.

The p h a g o c y to t ic  a c t i v i t y  e f  t r o p h o s o i t e s  o b s e r v e d  i n  t h i s



147
s tu d y  i l l u s t r a t e «  two p o in t s  «

1 )  d o p iam ole  s tr e a m in g  p la y s  "  r ° l s  in  th e  fo r m a tio n  

o f  th e  p h a g o c y to t ic  c h a n n e l .

2 )  A dequate nt t s c h s e n t  betw eon th e  am oebic  p i a s s a i emrna 

and h o s t  e e l l  i s  e s s e n t i a l  f o r  p h a g o c y to s is  t o  o c c u r .  K ic ro p e e u do­

po d l a  fou n d  s t  th e  t i p  o f  th e  pseu do po d iu s  a c t  i n  a id in g  th e  

a t t a c h a e n t .

N o rm & llv , a s  s u g g e s te d  b ” S i r d  ( 1 9 5 6 »  l j 6 l ) ,  and s u p p o r te d  

b y  Z asan  ( 1 9 7 ? )  and T r o c t o r  ( l> 7 4 )  s o l i d  p a r t i c l e s »  a s  shown in  

f i g s .  2 3 ,  6 3  in d  1 4 4 a ,  a r e  a b so rb ed  th ro u g h  th e  u r t id  a s  a 

c o n s e q u e n c e  o f  p la s s a l e s a a  r e a b s o r p t io n  a s  th e  an oba i s  in  n o t i o n .  

I n  s o s e  c a s e s ,  a s  d e m o n s tra te d  in  t h i s  s tu d y ,  th e  in g e s t io n  o f  fo o d  

i s  a id e d  b y  f o r c i n g  th e  e n d o p la s n ic  s t r e s s  to  flo w  »wav from  th e  

o o n ta c t  s o n e  o f  th e  am oeba and i n t e r a c t e d  c e l l s .  Such a m echanism  

e n a b le s  th e  o o n ta c t  so n e  to  b e  drawn in t o  th e  c y to p la s m , c a r r y in g  

w ith  i t  th e  am oebic  p la a a a le s m a  i s  th e  same m anner a s  s n a i l  s o l i d  

p a r t i c l e s  a r e  ta k e s  in t o  th e  p o s t e r i o r  end o f  th e  amoeba b y  th e  

f lo w  o f  t h e  e n d o p la a s io  s t r e a m .

8 . 3

8 . 3 . 1

CTPOCH’J 'I C A t  AJfD ÜLHU8THUCW8A1 S W M 8 S  O f COITOS 2
c o x a  in  crirrACT v i r n  T n o n T ozrir^ s cr  s .  r i  T r i  ^t ic a

Ju d a h  ( 1 9 6 9 )  r e g a r d e d  a  e e l l  a s  a n etw ork  e f  s t r u c t u r e s  

w ith  s p e c i f i c  f u n c t io n s  1 a  s t r a i n  p la c e d  on o ne p r ln a r y  a r e a  o f

th e  n etw ork  w i l l  g i r e  r i s e  t o  s e c o n d a ry  d is tu r b a n c e s  th ro u g h o u t th e  

w ho le  s y s te m . To d i f f e r e n t i a t e  th e  s e c o n d a r*  frwei p rim ary  d l s t u r b -

t i n « —s c a le  experim ents are can ary  (Judah, 1969)



■ • s l i c in g  th e  im p o rtan ce o f  t h i s  t im e  f a c t o r ,  c a l l s  in  c o n ta c t  

w ith  B. h i s t o l y t i c a  t r o p h o s o lta s  w ar#  f ix a d  a f t e r  5 ,  1 0  ,  20  ,  3 0 ,

4 5 ,  60 and 120  m in u te s . I t  w as, h ow aw ar, found th a t  t o  t r v  p l o t t i n g  

th a  p a th o lo g ic a l  chan ges a c c o r d in g  t o  t im e - s c a l e  was u n r a l l a b l a  as 

th a  t ln a  o f  l y s i s  v a r ie d  fro n  5 t o  30 a ln u t e s  a f t e r  th a  a d d it io n  

o f  t r o p h o s o i te s  show ing th a t  b o th  t h a  d eg re e  o f  v ir u le n c e  o f  each  

in d iv id u a l  amoeba w ith in  th a  c u l t u r a l  p o p u la tio n  and th a  s e n s i t i v i t y  

o f  aa c b  h o s t  c a l l  to  ln f a e t lo n  m ust a l s o  ba  talc an in to  c o n s ld a r a t i o n .

I n  so aa  c a s e s ,  th a  sec o n d a ry  d is t u r b a n c e s  o cc u rred  r a p id ly  and i t  

w as im p o s s ib le  to  d is c e r n  th a  I n i t i a l  a t t a c k  on th a  p r im a ry  s i t e .

Tha t i n e —s c a l e  was th e r e f o r e  1 «stored and th e  «wants o f  both 

p rim a ry  and sec o n d a ry  d is tu r b a n c e s  w ere  mapped out a c c o rd in g  t o  th a  

d ag raa  and sp rea d  o f  d ls ru , t io n  w ith in  th a  in ju r e d  e a l l s  in  

c o n t a c t  w ith  t r o p h o s o i te s  (T a b le s  X I I s ,  b ) .

Soma o f  th a  d e s t r u c t iv e  e v e n t s  in  e a l l s  danaged b y  3. 

h i s t o l y t i c a  in d ic a te d  In  T a b le s  X l l a ,  b h a v e  a ls o  been re c o r d e d  by  

p r e v io u s  w orkers ( Z l- H a s h la i ,  lf7*> * fn i« d » t a t  a l . ,  I f 7 5 ),  The 

p r e c i s e  seq u en ce o f  e v e n ts  h a s  n o t b e e n ,  h ow ever, d e t a i le d .

* . 3 . ?  T lto c h o n .l r ja l  c h y g e f

In  a l l  th a  c a l l - l i n e  m o n o la y e rs  so  f a r  d e s c r ib e d ,  th e  

m ost n o t i c e a b le  c e l l u l a r  chan ge In  c e l l s  in ju r e d  by  amoebae i s  th e  

d e g e n e ra t io n  o f  th e  n i to c h o n d r la . The e a r l i e s t  a l t e r a t i o n  i s  a lo s s  

o f  m a tr ix  and an s e o u a u ls t lo u  o f  m a tr ix  m a te r ia l  in  th e  p e r ip h e r y  

o f  th e  m lto e h o n d rla . T h is  i s  fo l lo w e d  b y  a  s w e ll in g  of  th e  m a tr ix  

eom p artm en t. The d eo re a se  in  r e l a t i v e  d e n s i t y  o f  th s  m a tr ix  

r e f  l o o t s  bo th  i n f l u x  o f  w ater and l o s s  o f  s o l u t e s .  A s i m i l a r  

a p p e a ra n ce  h as been  r e  p a r ted  in  mouse l i v e r  d u rin g  th e  d evelopm ent 

o f  m e e r o s ls  (Trump a t  a l . ,  I f d 5 )  and i n  t o x i n - a f f e c t e d  T k r lio h
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on c e l l s  (R o o s ,  1 9 6 2 ) .  Fo p  th e  i u *  r e a s o n ,  i n r  r e p le t io n  in

m ito c h o n d r ia l  M im a  p o tta p n  d u r in g  m o r p h o lo g ic a l  a l t e r a t i o n  would 

p r o v id e  an a d d it io n a l u n d ers  ta n  d in g  o f  th e  p a th o g e n e s is  o f  c o l l

i n ju r y »  The work o f  Trump e t  a l .  ( I9 6 *3 a )  g iv e s  a  good exam ple o f  

c o r r e l a t i o n  betw een m o rp h o lo g ica l and f u n c t io n a l  chan ges in  mouse 

l i v e r  d u r in g  th e  developm ent o f  n e c r o s i s .  P lo c h e m lc a ll  y  th e y  

w ere  a b l e  to  d ea m n stra te  a c o r r e l  t i o n  b  tw een th e  a c t i v i t i e s  o f  

■ u c o in o x ld M e  on m ito oh o n d ri a l m em branes and g lu ta m ic  debvdrogename 

i n  th e  m ito c h o n d ria l  m a tr ix  and c h a n g e s  i n  ra itsch o n  : r i  1 m orphology.

T h ey  a l s o  showed th a t  th e  l e v e l s  o f  s u e c i n i c  d eh v d ro g en -se  w ere 

much m ore s t a b l e  even a t  t i n e s  when m ito e l .o n d r ia l  s t r u c tu r e  was 

v i r t u a l l y  d e s tr o y e d . In  t h i s  s t u d y ,  m ito c h o n d r ia l  A TPase, which 

I s  a  u s e f u l  m arker f o r  s tu d y in g  m ito c h o n d r ia  ( -le a n e r  e t  a l .  19 6 5 ) 

was d e ia o n s tra te d  h is to c h e m lc a l l  v and th e  r e s u l t s  show an a l t e r a t i o n  

1m t h e  p a t t e r n  o f  r e a c t io n  p r o d u c ts  I n  th e  i n ju r e d  c u ltu r e  c e l l s  

i n  c o n t a c t  w ith  th e  am oebae. A lth o u g h  t h i s  t e s t  d oes n ot q u a n t i f y  

th e  d e g re e  o f  en syn e a c t i v i t y ,  i t  i s  s i f f i l f i c a n t  t h a t  th e  n l t o -  

e h o n d r la l  ATPase was s t i l l  p r e s e n t  d u r in g  m ito c h o n d r ia l  s t r u c t u r a l  

a l t e r a t i o n .  Trumj e t  a l . ( l^ 6 S a )  h ow ever j o in t e d  out th a t  h i s t o -  

e h e m lc a l  t e s t s  a r e  n o t w h o lly  r e l i a b l e  f o r  » h e '' found th a t  th e  

p a t t e r n  and amount o f  r e a c t io n  p r o d u c t u s in g  h i s t o c h e a ic a l  t e s t s  

b o r e  l i t t l e  r e la t i o n s h i p  to  th e  o v e r a l l  s t a t e  o f  m ito c h o n lr la l  

p r e s e r v a t i o n .  P lo c h e n ie a l  t e s t e  on t h e  o t h e r  h a n d , produced more 

c o n s i s t e n t  r e s u l t s .
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th e  p o ly rib o so m es  s lo w ly  d is a g g r e g a t e .  3uch an u l t r a s * - u c t u r a l  

f in d i n g  I s  Im p o rta n t b e c a u s e  In  c e l l s  a f fe c te d  by  c e r t a i n  t o x in s ,  

e . g .  CC14 and e t h lo n i n e ,  p o ly rib o s o m e s  are  seen  to  d is a g g r e g a te  

v e r y  r a p i d l -  In to  s m a l le r  a s s e m b lie s  and sim p le  p a r t i c l e s .

R ibo som es a r e  a ls o  see n  to  d e ta c h  from  th e  membranes o f  th e  endo­

p la s m ic  r e tic u lu m  (7 1 1 1 a -T re v in o  e t  a l . ,  1964| Wood, 1?65|

K rlsh n a n  and f t e n g e r ,  1966»  a v r .o l i s ,  l» C 3 b ) . Any d is a g g r e g a ­

t io n  o f  p o ly rib o so m es  prom otes in a c t i v a t io n  o f  p r o te in  s y n th e s is  

( S n u c k le r  and S e n d l t t ,  I f ! ) ) ,  P o lv r lb o s o s e s  p la y  an Im p o rtan t 

r o l e  in  in tr o d u c in g  a n in o -a c id a  to  th e  en io p la a m ir  r e t ic u lu m , 

i t h i o n i n e ,  a  t o x i n ,  l n d l r e c t l v  s u p p r e s s e s  p r o te in  s y n th e s is  by 

lo w e r in g  th e  l e v e l  o f  ATP th u s  c a u s in g  a b lo c k  in  m eseengar-RVA 

s y n t h e s i s  ( Ju d a h , 1 9 6 9 ) .  The aeseon ger-K SA  i s  th ou gh t to  h o ld  th e  

p o ly rib o s o m e s  in  an ag g reg a te d  s t a t e .  In  t h i s  s tu d y , th e  p o ly ­

r ib o so m es  o f  a f f e c t e d  c u ltu r e d  c e l l s  fo l lo w in g  am oebic c o n ta c t  a re  

n o t d is a g g r e g a te d  a t  th e  e a r l  • s t a g e  o f  in ju r y .  In  th e  v e ry  l a t e  

s t a g e  e f  c e l l  I n ju r y  when th e  c e l l  I n  c o n ta c t  w ith  th e  t r o p h o s o l te  

o f  £ .  h i s t o l y t i c a  i s  abo ut to  l y s e ,  th e  g r o s s ly  sw o lle n  v e s i c l e s  o f  

en d o p lasm ic  re tic u lu m  s t i l l  r e t a i n  a g g re g a te s  o f  r ib o s o m e s  ( f i g s .

52»  7 1 ) .  In  th a t  th e r e  ap p ears to  b e  no r e l a t i v e  in c r e a s e  In  

d e ta c h e d  r ib o so m e* I t  oou ld  b e  argued  th a t  th e p r o te in  s y n th e s is  

w ith in  th e  e f f e c t e d  c e l l  i s  n o t c o m p le te ly  su p p ressed  b y  th e  am oebic 

t o x i c  s u b s ta n c e .  f U r t h r r  e v id e n ce  t h a t  p r o te in  e -n  t h e s i s  i s  n o t 

c o m p le t e ly  in h i b i t e d  i s  su g g e s te d  by  th e  m orp h olog ica l f in d in g  

t h a t  t h e r e  i s  an a p p aren t h y p e r a c t lv l t v  o f  th e  J a l g i  a p p a ra tu s  in  

c a l l s  i n i t i a l l y  in f e c t e d  with f t i t a r o e t  a h i s t o l y t i c a . Ac euch an 

in c r e a s e  i n  ( w i f i  v e s i c l e s  i s  r e la t e d  to  in c r e a s e d  s e c r e t o r y  

a c t i v i t y  ( O h a d la l ly ,  1 9 7 9 )  i t  f o l lo w s  th a t  p r o te in  s v n t h e s ls  h as 

n o t been  a r r e s t e d ,  f u r t h e r  b io c h e m ic a l s tu d ie s ,  h ow ever, a r e
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r e q u ir e d  t o  d e te rr .in e  n o r *  p r e c i s e l y  tho p r in t «  a t  w hich  normal 

m e ta b o lic  pathway« a r e  in t e r r u p t e d .

in o s in e  d ip h o sp h a te« «  d e m o n s tr a te s  th a t  b o th  th e  en d o p lasm ic  

r e t ic u lu n  and th e  S o l ^  a : p a r", tu a  in  RT13 c u l t u r e  c e l l s  a r e  few

in  n u n b er. I t  i s  n< ' j - o s s i t l »  th e r e f o r e  to  e v a lu a te  th e  in f lu e r .r o  

o f  th e  amoeba on th e  a c t i v i t y  o f  c u ltu r e  c e l l s '  en d o p lasm ic  

re tic u lu m  and *>1 «4 a p p a r a tu s .

how ever, can  b e  see n  w ith r e a c t i o n  product f o r  t th  TPT'ase and 

IM a a e  < f t p ,  l r r , I f lO ) , Ho a l t e r a t i o n  in  ensym e a c t i v l t ” o f  

plasma membrane TPIa s e  and I K a s e  in  c e l l e  i n  c o n t a c t  w ith  amoebae 

i s  seen  ( f i g s .  195»  1 6 1 ,  1 6 2 ) .  T W aae s t a i n i n g  o f  p lasm a a#*>br*ne 

h as a ls o  been  r e p o rte d  in  a a c r a t o r -  c e l l e  o f  th e  a n t e r i o r  

p i t u i t a r y  g lan d  ( P o l l e t i e r  an d  t f o v lk o f f ,  1 9 7 2 ) .  The a u th o rs  

a tro a e e d  th a t  i t  i a  n o t known « b a t h e r  the T ° ' a s e  i s  r e l a t e d  to  th e  

" tr a n a ; o r t ” A’  a ee  commonly a s s o c ia t e d  w itl. th *  plasm a m em brane. 

* . 3 . 4  N u c l e y  c h a n g e

th e  p e r ip h e r y  o f  th e  n u c le u s .  T h ie  i e  fo llo w e d  b y  s w e l l in g  o f  

th e  n u c le a r  e n v e lo p e . A c o m p le te  lo e a  o f  c h ro m a tin  le a d s  t o  th o  

ap p earan ce o f  'omj ty *  n u c le i  w ith  i n t a c t  aem brnnee and n u c l e o l i .  

T h la  l a  c o r j  - t i b i e  w ith  th e  o b s e r v a t io n  o f  Trump e t  e l .  ( 1 9 6 5 a ,  b )  

who s tu d ie d  n u c le a r  ch an g es d u r in g  n e c r e a ie  u s in g  a l i o e s  o f  mouse 

l i v e r  and r e p o rte d  th a t  n u c la a r  c h a n g e s  a re  s e c o n d a ry  t o  a l t e r a ­

t io n s  in  a l to c b o n d r ia l  m r p h o lo g y .

C y to ch em ica l s t a i n i n g  f o r  th iam in e p y ro p h o s p h a ta s e  and

The p e r ip h e r a l o r  p lasm a  s t a in in g  o f  th e  c u l t u r e  c e l l s .

The e a r l i e s t  n u c l e a r  a l t e r a t i o n  f o l lo w in g  am oebic  c o n ta c t

l a  tho lo s s  o f n u c le a r  a n t r i x and oondana»tlom  o f  c h r o m a tin  a lo n g

* . 3 . 5

Tho p i! membrane o f  a e a l l  in  c o n t a c t  w ith  a
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1 5 «

c o n ta c t« - !  c a l l « .  The i n g e s t i o n  o f  c e l l  d e b r is  c o a te d  w ith  

r e a c t i o n  p r o d u c ts  f o r  Vg  ATPm «  v i a  th e  u r o id  end o f  Ih itan o eb a

h i s t o l r t i c a  b y  p in o c y t o s l a  s u p p o r ts  th e  f in d i n g  o f  B ir d  ( l 9 6 l )  

t h a t  u p ta k e  o f  p a r t i c l e s  c an  o c c u r  th ro u g h  th e  u r o id  o r  t a l l  en d . 

The v e s i c l e s  and c h a n n e ls  c o n t a in in g  th e  r e a c t io n  p r o d u c ts  a r e  

c l e a r l y  shown i n  P i g s .  1 4 5 * »  b .

The c o n f i n e s e n t  o f  th e  P g 2 *  a c t iv a t e d  ATTase r e a c t i o n  

p r o d u c ts  t o  th e  u r o id  o f  t h e  am oeba d u r in g  i n f e c t i o n  r e f l e c t s  th e  

dynam ic s t a t e  o f  th e  p la s m a le a c a  t u r n o v e r  w hich i s  t a k in g  p la c e  

a t  th e  u r o i d .  I’u c o id  t h r e a d s ,  s o r e  ; ren o u n ce d  u s in g  h ls to c h e m ic a l  

s t a i n i n g  f o r  P g 2*  ATPase c an  b e  s e e n  t o  sp r e a d  r l & i t  a c r o s s  th e  

l e s i o n  ( P i g .  1 4 3 )»

A lth o u g h  Pg2*  ATT s e e  and t o  a l e s s e r  d eg re e  Ca? * ATI s e e  

on th e  p lasm a  s s e b r a n e  o f  t h e  R P13 is o n o la y e r  a r e  en han ced  d u r in g  

i n f e c t i o n  w ith  TSntnno-b" h i s t o l y t i c a ,  i t  i s  u n c e r ta in  w h e th e r  th e  

r e s u l t s  r e f l e c t  an a l t e r a t i o n  i n  th e  m e ch a n ls s  o f  a c t i v e  t r a n s p o r t  

o f  lfa *  and p" . s p o r t  i s  r * s ; o n s i U e  f o r  m a in t a in in g

i o n i c  g r a d ie n t s  betw een  th e  c e l l  and th e  e x t r a c e l l u l a r  f l u i d ,  

th u s  g i v in g  th e  c e l l  o o n t r o l  o v e r  t h e  i n t e r n a l  o r  e x t e r n a l  e n v i r ­

onm en t. B ask  ■ > t i v  - r  S j o r t  p r o c e s s e s  can  b s  lin k e d  d i r e c t l y  to  

ATT h y d r o l y s i s .  D u rin g  t r a n s p o r t  A TT, w hich  i s  a c t iv a t e d  b y  

Kg2*  i o n s ,  i s  h y d r o ly s e d , th e  h y d r o ly s i s  o f  each  m o le c u le  o f  ATP 

b e in g  r e s p o n s ib le  f o r  th e  movement o f  a ;  j  r o x im a t e ly  3 I t *  io n s  

and 21* l o r e  (P in e a n  a t  a l ,  1 9 7 4 ) *  A c cu m u la tio n  e f  ATTsee d u r in g  

i n f e c t i o n  would ln d io a t e  a  r a p id  h y d r o lv s l s  o f  ATT, w hich i n  tu rn  

le a d s  to  r a p id  movement o f  io n s  b e tw e e n  th e  c e l l  and th e  e x t r a ­

c e l l u l a r  f l u i d .

Z t h a s  b e e n  a r g u e d , h o w e v e r, t h a t  th e  K g '*  ATTase 

l o c a l i s a t i o n  c a n n o t d e ir o n s tr a te  th e  t r a n s p o r t  ATTase (P u g o n , 1 9 7 0 ) .
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r e p r e s e n t in g  two d i f f e r e n t  f u n c t io n a l  s t a t e s  o f  a s in g le  s n a r e « .

A lthough  th e  r e la t i o n s h i p  o f  Mg^* ATPaae to  th e  N a -T -  

ATFaae i s  n o t f u l l y  u n d ersto o d , th e  en h an cem e n t in  th e r e a c t io n  

p ro d u c ts  f o r  ATPase on th e  p la e s a  a m b r a a e  o f  RF13 eo  no la y e r

c e l l s  d u rin g  i n f e c t i o n  can s t i l l  b e  ta k e n  t o  r e f l e c t  an a l t e r a t i o n  

in  c e l l  Membrane m eta b o lism .

* . 3 . <  In v o lv es ! e n t  o f  lyaoaom ea in  c e l l u l a r  in ju r y

Soon a f t e r  th e  d is c o v e ry  o f  ly s o s o m e s  by  De D ure, i t  was 

suggested th a t  lynosom ea a c t  a s  p o t e n t i a l  " s u i c i d e  bags** (D e Duve 

and F e a u fra y , 1 9 5 6 ) .  » ic h  s u ic id e  b a g s  c o n t a i n  a number o f  

s o lu b le  h y d r o la s e a  w ith  an o p tls u n  a c id  pH , and  a re  bounded b y  a 

l i p o p r o t e in  com plex which p r e v e n ts  le a k a g e  o f  th e  e n s -s e s . De 

Ihjve and T -eau fray , w orking on a u t o l y s i s ,  b e l i e v e d  th * t  a u to lv s i s  

s ta r ted  a t  th e  s i t e  o f  th e  ly s o s o s e s  r e s u l t i n g  i n  leakage o f  

ly so so m al h y d r o la s e s  in to  th e c y to p la s m . S u c h  a mechanism would 

r e s u l t  in  damage t o  v a r io u s  c e l l u l a r  c o m p o n e n ts . Sev era l w orkers 

have su p p o rted  De D u v e 's  lvsoeom al c o n c e p t .  > < rlv  s tu d ie s  on

lym o eo ses showed t h a t  s t r e p to c o c c a l  h a e m o ly t ic  t o x in s ,  s t r e p t o ­

l y s i n s ,  cau sed  r e le a s e  o f  e n tm e s  from  th e  I - s o s o m s  o f  g ra n u la r  

f r a c t i o n s  o f  r a b b i t  l i v e r  (Velesm an » t  a l . ,  1 9 6 3 ) .  The» found 

th t  1 '-0000001 one v e n a , c a th o p s in e , ac id  d e o x 'T i » o ' 

r ib o n u c le a s e ,  a c id  p h o s p h a ta s e , an. 1̂ -  ’lu c u r .  n i l ias were r e le a s e d  

In to  th e  cyto p lasm  b e f o r e  th e m ito c h o n d r ia l  s n a r e s  m alic 

dahyd rogenase was l i b e r a t e d .  Sueh work i n d i c a t e s  th a t  r e le a s e  o f  

ly soso m al o r  l y t i c  e n s y e e e  i s  a p r im a ry  e v e n t i n  c e l l  damage.

In  th e  c o u r s e  e f  t i n e ,  h ow ev er, i n v e s t i g a t i o n  has r e v e a le d  

t h a t  ly s o s o a e e  p la y  no r o l e  in  th e  e a r l y  d ev e lo p m e n t o f  c e l l  I n ju r y  

b u t a re  in v o lv e d  i n  th e  l a t e r  s c a v e n g in g  p r o c e s s .  The works o f  

S l a t e r  end ftreenbaue (1 9 < 5 )  *nd S e e s  (1962) h e r e  shown, in  th e



i n v e s t i g a t i o n  o f  th e  b io c h e m ic a l o f f s e t  o f  h e p t o x l n s  on l i r s r  

th a t  t h s r s  i s  l i t t l s  chan ge in  t h s  o v e r a l l  l e v e l  o r  d eg ree o f  

la t e n c y  in  th e  ly s o s o m a l enz ymes. S i g n i f i c a n t  ohan ges a re

d e te c ta b le  in  th e s e  e n s y a e s  o n ly  a t  a  l a t e  s t a g s  o f  i n ju r y  when 

n e c r o s i s  i s  w e ll e s t a b l i s h e d .

I t  h as a l s o  been  s u g g e s te d  t h a t  Do D uve’ o " s u ic id e  

b a g "  o o n cep t b e  a p p lie d  to  th e  3ntar.oebp h i s t o l  y t i c a  and h o s t  c e l l  

in t e r a c t i o n  ( J a r u m l l i n t a  and T T ra d o lfer , 196.. | E o s ,  1 9 7 3 ) . In  

t h i s  c a s e ,  th e  am oebic  t o x ic  s u b s ta n c e  w hich i s  e n lv  t r a n s f e r r e d  

a f t e r  c o n ta c t  w ith  th e  h o s t  c e l l  r e n d e r s  t h s  ly s o s o n a l  a e -h r -n e e  

o f  th e  c e l l  u n s ta b le  so  th a t  i t  d i s r u p t s  r e l e a s i n g  1-sosom al 

sn sy n e s  in t o  th s  c y to p la s m . In  t h s  p r e s e n t  s tu d v ( th e  l^ sosom es
(?*$. 9o, HI.).

a r e  i n t a c t  d u r in g  t h e  I n i t i a l  s t^ g e  o f  c o l l  i n ju r y ^  D uring 

p rolon ged  am oebic i n f e c t i o n ,  l i g h t  m ic r o s c o p e  o b s e r v a t io n  r e v e a ls  

ap p aren t s w e l l in g  o f  h o s t  c o l l  ly s o s o a s s ,  in s ta n c e d  by th e  e l s e  

o f  th e  r e a c t io n  p ro d u c t p a r t i c l e s  f o r  a c id  p h o s p h a ta s e  (Qomori 

te c h n iq u e )  and a r r l  s u lp h a t a s e .  T h is  i s

fo llo w e d  by  d is r u p t io n  o f  th e  ly s o s o n e a  r e l e a s i n g  t h s  l y t i c  

en a y e ss  in t o  th s  e y to p la s n  (E *ig s . 9 1 ,  9 ? »  1 1 5 ) .  The dye te c h n iq u e s  

f o r  fi -g lu c u r o n l d s s ,  and n o n - s p e c i f i c  e s t o r a s e  i n i t i a l l y  show no 

in c r e a s e  in  th e  a c t i v i t y  o f  th s  h o s t  ly s o s o n a l  a n . m s s . E v e n tu a l ly , 

a f t e r  p rolon ged  i n f e c t i o n  ( * l g a .  1 0 7 *  lO ti* 1 ? 5 ,  2 0 5 )  th s  l e v e ls  

o f  th e s e  s n s y n s s  e n h a n c e *  a s  see n  b y  t h s  o v e r a l l  in c r e a s e  in  th s  

c o lo u r  o f  r e a c t io n  p r o d u c ts . S im i la r  a p p e a ra n ce s  su ch  as s w e l l in g  

and d is r u p t io n  o f  t h s  ly s o s o n e s  have b e en  o b s e rv e d  in  th s  

in f e c t i o n  o f  I  h r t  oph th o  r  a s r  r t  h ro  a ep t  i  c ■■■ ( p o t a t o )  w ith  S o l arum 

tuberosum  ( fungus r e s p o n s ib le  f o r  pinV r o t  d i s e a s e  o f  p o ta to e s )

( P i t t  and Coom bss, 1 9 « « ) .

The p r e s e n t  l i g h t  m ic r o s c o p ic a l  o b s e r v a t io n s ,  how ever.

15»
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do n o t  e s t a b l i s h  w h e th e r  d is r u p t io n  o f  ly s o s o m a l p a r t i c l e s  i s  

s  c a u s e  o r  c o n s e q u e n ce  o f  c e l l  d e a th . U n d er th e  e l e c t r o n  m ic r o ­

sco p e  ,  th e  s e q u e n c e  o f  e v e n ts  o f  ly s o s o m a l d is r u p t io n  i s  o b v io u s ,

and shows t h a t  th e  le a k a g e  o f  h y d r o ly t ic  enzvm es in  c e l l s

in  c e l l  d e g e n e r r t io n . A c id  p L o s ;h a ta s e ,  a t  e l e c t r o n  m ic r o s c o p ic  

l e v e l ,  i s  c l e a r l y  shown i n  ly s o s o s e s  w h ich  ap p ea r i n t a c t  a s  th e  

menbrnnes a r e  u n b rok en  ( F i g .  9 9 ,  1 0 0 ) .  Sven  a f t e r  c e l l  l y s i s ,  

ly so so m es  c o n t in u e  t o  show  enm-me c o n t e n t ,  and t h i s  r e f l e c t s  th e  

b e l i e f  t h a t  th e  ly s o s o m a l membrane can  w ith s ta n d  a h i d egree  o f  

o s m o tic  s t r e s s .

groun ds o f  s u s p e c t  m eth o d o lo g y , as  s t r e s s e d  b y  B runic and - 'r ic s o n  

(1 9 7 2 )  • T h ey p o in te d  o u t  t h a t  when a s l i g h t  o r  m od era te  r e l e a s e  

o f  ly so so m a l enzyme o c c u r s ,  i t  i s  n o t n e c e s s a r i l y  r e v e a le d  b y  

c y to c h e m ic a l  s t u d ie s  i n  f ix e d  t i s s u e s .  The - ->lso s t r e s s e d  t h a t  

f i x a t i o n  o f  i n  v i t r o  c u l t u r e d  c e l l s  u n d er a d v e r s e  c o n d it io n  o f  

osm oti«  | r-.-.i u re  can  r e s u l t  in  a d i f f u s io n  o f  1 •sosomal e n z y m es.

f o r  3^ g lu ta r a ld e h y d e ,  O.C66K c s c c d y la te  b u f f e r ,  pH 6 . 8 )  u s e d  i n  

t h l s  s tu d y  was su ch  t h a t  w ith  n o r s a l  o u ltu r e d  c e l l a  in c u b a te d  f o r  

l o c a l i s a t i o n  o f  a c id  p h o s .r h a ta s e  and a r v l  s u lp h a t a s e ,  no a r p a r e n t  

s w s l l in g  o f  th è  m lto c h o n d r ia l  aem branes w s  s e e n .  » u r th e rm o re  b y  

u a ln g  t h i s  te o h n lc u e  th è  u l t r a a t r u c t u r a l  l o c a l i s a t i o n  o f  ly a o s o m a l

e l e c t r o n  d en se p r e c i p i t a t e s  w ere found to  b e  c o n fin e d  to  th e  w h o le

a f f e c t e d  by t r o p h o z o i t e s  i s  a l a t e  e v e n t

Such f in d i n g s  c a n ,  how ever, b e  q u e s t io n e d  on th e

The o s m o la r ! t y  o f  f i x a t i v e s  ( 4 5 0 - 5 0 0  ml 11 io s m o le s / k g

» c ia l  : d p h o s p h a t s e  was m ore th a n  a d e q u a te *

>1 s t r u c t u r e *  i n d i c a t i o n  th a t  d i f f u s i o n  o f  ly s o s o m a l
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sonsa betw een lym phocyte« and t a r g e t  c e l i a ,  and th e - ’ war« abown 

to  ba i n t a c t  membrnne p r o f i l e «  a f t e r  a jec im an a  h ad  bean  t i l t e d  

to  perm it p e r p e n d ic u la r  w iow ing ( B lb e r f e ld  and J o h a n s e o n , 197*1) .

E . 4 . 2 .  Vi rupee

A lthough rbahd o w iru aea have bean found i n  a l l  known 

p a th o g en ic  B . h i s t o l y t i c a  tro ., h o z o ite a  o f  m on oxen ic and axe n lc  

s t r a in «  and in  t r o p h o s o i te a  from  b io p a y  m a te r in l  o f  in t e a t i n a l  

a n o a b ia a ia  (B ir d  a t  • ! . ,  1974»  B ir d  and V eC au l,  1 9 7 6 ) ,  no 

rhabd o T iru aea  a re  aaen  in  c o n t a c t  c a l l s .  V ir u s e s  tl.u a  p lay  no 

d i r e c t  p a r t  i n  h o s t  c a l l  damage.

,Tn c r t o c l d a l  v i r u s - c a l l  in t e r a c t i o n ,  w here t r a n s f e r e n c e  

o f  v ir u s e s  in t o  h o a t c a l l a  le a d «  to  e x te n s iv a  d erangem ent o f  

norm al c e l l u l a r  m etabo liam  and s t r u c t u r e  and th u s  t o  d eg en era tio n  

and death  o f  c a l l s  (Tam a, 1 9 7 5 ) ,  v ir u s  r o j l l c a t l o n  i n  c a l l s  would 

r e q u ir e  a la t e n t  p e r io d  o f  s a v a r a l  h o u r s . C a ll  d a a th  due to  

3 . h i s t o l y t i c a  In v a s io n  In  t h i s  s tu d y  i a  seen  to  o c c u r  between 5 

and )C m inu tes f o l lo w in g  th e  a d d it io n  o f  t r o p h o a o i te a .  Such a 

tim e  d if f e r e n c e  would n o t su p p o rt th e  h y p o th e s is  t h a t  r e  l i c a t i o n  

o f  v i r a l  genome w ith in  th e  h o s t  i s  th e  cau se  o f  c e l l u l a r  d ea th .

The p resen ce  o f  r h a b d o v ir u s ,  h ow ev er, i s  o f  i n t e r e s t  and mar be 

r e la t e d  to  enhancem ent o f  v ir u le n c e  b y  in c o r p o r a t in g  th e  v ir a l  

genome in to  th o  am oebic  K'K. Am r h a b d o v iru se s  a r e  a ls o  found in  

L ared o  s t r a i n  o f  ¿ . h i s t o l y t i c a  ( B ir d  and V cC au l,  1 9 7 6 ) ,  i t  i a  

p ro b a b le  th a t  rh n b d o v iru s e s  c o e x i s t  w ith  amoebae a s  sy m b io tle  

o r g a j. i a r s . F u r th e r  s tu d "  i e  n e c e s a a r -  to  e l u c i d a t e  th e  r e l a t i o a -  

s h lp  betw een r h a b d c v lru e e e  and am oebaa. O th er am oebic  v lru e e e  

su ch  ae f ila m e n to u s  and ls o a h e d r a l  form a d e s c r ib e d  b y  M attera  e t

) and P i amend e t  a l .  (1 9 7 2 )  w ere n e t  found i n  th e  amoebae 

u se d  in  th e p r e s e n t  s tu d y .
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1.4.3 P r i .a i - y  tm T K c t In  o . l l u l « r  I n ju r y

S w e ll in g  o t  th e  m itoch on d ria and en d op lasm ic r e t ic u lu m  

o f  th e  a f f e c t e d  RT'l 3 ,  C V -1 ,  PD-VI and Rheaua Monkey P r a in  m on o layer

o e l l e  in  c o n ta c t  w i t h  2. hi e t o l v t i c a  s u g g e s t s  th a t  l v a i a  o f  c e l l «  

i s  an o sm o tic  e f f e c t «  S im ila r  p a th o lo g ic a l  ch an ges h a re  t e e n  

r e co rd e d  in  h e p s to c .r * «  exposed to  a r a r l e t r  o f  to x in s »  C C l^ , 

e t h lo n l n e ,  d lm e th y ln i tr o s & rln e  and t h i o a c s t ’ a ld s  ( R e e s , 19 6 2 »

R ees and S p s c t o r ,  1 9 6 1 »  Jud ah, 1969» M arber and S I M o fty , 1975»  

S l a t e r  and O r s s n b s u n , l 9 6 r » V U l^ -T r e r in o  e t  a l . t 19 6 4» Wood,

19631  M rishnan and S t e n g e r , 1966» R e y n o ld s , 19 6 3 b .  Some w orkers 

CReee. i J

th e  e f f e c t  o f  su ch  t o x i n s  hare s u g g este d  t h a t  th e  p rim ary  t a r g e t  

i s  th e  plasm a m em bran e.  A breakdown in  I t s  s e l e c t i r e  p e r m e a b i l i t y  

would le a d  to  s e r i o u s  s  con d arr  e f f e c t s  su ch  a s  a c cu m u la tio n  o f  

w a te r , sodium c h l o r i d e  and calcium  lo n e  c a u s in g  in ju r y  to  r a r lo u s  

s a i l  o r g a n * l i e s  n o t a b l r  th e  m ito ch o n d ria . D ir e c t  e r id e n c e  f o r  

t h i s  h y p o th e s is  i s  s u g g e s t e d  by th e e f f e c t  o f  a n t ih is ta m in e  d ru gs 

i n t e r a c t i n g  on th e  p la s m a  membrane (R o e s , 19 6 2 »  Rees and S p e e t o r ,  

1961»  Ju d a h , 1 9 6 ? ) .  T b e  a n t ih la t  m ine l n a c t i r  te a  end i n h i b i t s  

th e  p r o te in  p h o s p h o r y la t io n  o ccu rrin g  a t  th e  p la a n a  n en b r-u te . The 

mo r e s e n t  o f  lo s s  and w s t s r  a cro ss  th e  s u r f a c e  sem brase lo  th u s  

in te r r u p te d .  The a d d i t i o n  o f  an a n t ih is ta m in e  to  th e  l l r e r  

to x in s  was found to  p r o r e n t  p a th o lo g ic a l ch an g e  in  th e  l l r e r  ( l e e s ,  

1962»  Rees and S p e c t o r ,  1961»  G all N ig e r  a t  m l . ,  1 9 3 6 ) .

th e  o f f s e t  o f  p r o s e th a i in *  h y d r o c h lo r id e  on th e  I n t e r ­

a c t io n  betw een th e  S .  h l s t o l r t i c f  and RM1J e e l l s  was t h e r e f o r #  

s tu d ie d . Z t was fou nd  t h a t  p ro se th as ln o  h y d r o o h lo r id e  p r o t e c t s  

th e  c e l l  a g a in s t  tb e  a c t i o n  o f  tr o p h e s o ite e  (Ml *N • 1 3- 19 60 ) .  

e l e c t r o n  m icro s co p ic  a t u d i e a  o f  the c o n ta e t s d  e e l l s  r e r e a l  no g r a s *



1«
p a t h o l o g ic a l  ch an g es  i n  c o n t r a s t  t o  t h e  u n p ro te c te d  i n f e c t e d  

c u l tu r e d  c e l l s .  T h is  p r o t e c t i v e  e f f e c t  o f  a n t ih is ta m in e  a g a in s t  

c e l l u l a r  i n j u r y  due t o  13. h i s t o l y t i c a s t r o n g l y  s u g g e s t s  th a t  

th e  p r im a ry  t a r g e t  i n  c e l l  d ea th  i s  t h e  p lasm a m en bran e.

I t  i s  b e l i e v e d  t h a t  i n  t h e  i n i t i a l  s t a g e  o f  c e l l u l a r  

i n j u r y ,  th e  damage to  t h e  p lasm a  m em brane i s  r e v e r s i b l e  ( B e e s ,  l j 6 2 ) ,  

T h is  id e a  o f  r e v e r s i b l e  p la s m a  i n j u r y  i s  su p p o rted  b^  F a r b e r  and 

B l-M o fty  ( 1 9 7 5 )  who w ere w o rk in g  on t h e  e f f e c t  o f  g a la c to s a m in e  

on th e  l i v e r ,  d a la c to s a m ln e  was fo u n d  t o  in d u ce  membrane i n ju r y  

b y  a l t e r i n g  th e  s t r u c t u r a l  com p o nen ts o f  g l y c o p r o te in s  and g l - t o -  

l i p i d s .  Sue i n ju r y  waa p r e v e n te d  t v  th e  a d d it io n  o f  u r i d i n e .

The tim e  o f  a d m in is t r a t io n  o f  u r id in e  w -s  found to  b e  c r i t i c a l .

I f  u r id in e  was added b e f o r e  th e  c r i t i c a l  p o in t  o f  i r r e v e r s i b l e  

■en b r« iie  dam age, th e  c a lc iu m  c o n c e n t r a t io n  r  t  m ed  t o  n o rm a l.

At th e  c r i t i c a l  p o in t ,  h o w e v e r, th e  p la sm a  membrane damage becam e 

I r r e v e r s i b l e  g iv in g  r i s e  t o  a  m a rk ed ly  in c r e a s e d  i n t r a c e l l u l a r  

oalo lum  and in e v i t a b l e  c e l l  d e a th .  T h a t  th e  e a l c l  m io n  i s  th e  

k e y  c o n t r o l l i n g  t o x i c i t y  i n  h e p a to c y te s  was a ls o  s t r e s s e d  by 

G a lla g h e r  S t  a l . ( 1 9 9 4 )  an d  T h ie r s  e t  a l  ( i 9 6 0 ) .  W hether an 

in c r e a s e  i n  c a lc iu m  io n  c o n c e n t r a t io n  i n  c u l tu r e d  c e l l s  i n  c o n t a c t  

w ith  th e  am oebae i s  th e  m ain  t o x i c  f a c t o r  i n  c a l l  d ea th  was n o t 

d e te rm in e d . The p o s s i b i l i t y ,  h o w e v e r, t h a t  a c o u n u la tio n  o f  

o a lc iu m  io n s  i s  r e s p o n s ib le  f o r  a o c s l e r s t i n g  c e l l u l a r  i n j u r y  in  

c e l l s  in  c o n t a c t  w ith  j .  h i s t o l y t i c a  m e r i t s  f u r t h e r  i n v e e t i  g a t io n .

As th e  h i s t o c h e m lr a l  r e l a t i o n s h i p  o f  Mg2*  a c t iv a t e d  

ATP as a t o  th e  a c t iv e  t  a n a p o r t  ATPase i s  unknown ( s s s  E .3 » 5 ) t  I t  

i s  u n c e r ta in  w hether an i n c r e a s e  in  t h e  r e a c t i o n  p ro d u e ta  f o r  

Mg2* ATT a a e  on a f f e c t e d  c u l t u r e  e e l l a  i n  c o n t a c t  w ith  £ .  h i s t o l y t i c a

r e f l e c t a  c h a n g es  in  c e l l u l a r  K a and r  io n ¡e n t r a t lo n .  I t  i a



16$



(*
 ‘

»U
éT

)



• f u r t h e r  s te p  in  th e  d t t c r a i n a t l o n  o f  th e  s u r fa c e  p r o p e r t ie s  

o f  th e  am oebae. T h e" n o t i c e d  t h a t  th e  s u r fa c e  c o a t  o f  p a th o g en ic  

s t r a i n s  o f  _S. h ia to ly t i c ,- .  h a s  an  a f f i n i t y  f o r  th e  e a r b o h y d ra te -  

b in d in g  p r o te in  c o n e a n a v a lin  A (CON A ). T r o p b o s o ite s  ao t r e a t e d  

form ed la r g e  a g g lu t in a t e a . I n  c o n t r a s t y  no a g g lu t in a t io n  was 

formed w ith  s t r a i n s  from  a s y m p to m atic  humar, c a r r i e r s  i l l u s t r a t i n g  

an i n t e r e s t i n g  r e la t i o n s h i p  b e tw e en  th e  d ecre e  o f  a g g lu t in a t io n  

and v ir u le n c e  o f  _3. h la t o l  - t i c a .

Such d i f f e r e n c e s  i n  th e  a g g lu t in a t io n  p r o p e r tv  w ith  

CON A have been  o bserved  in  e u l t u r e d  c e l l s  in fe c te d  w ith  s im ia n  

v lr u a .  ' o m a l  3T J u n in fe c te d  c e l l s  r e q u ir e d  h igh  (  lOOO ptt/n l) 

c o n c e n tr a t io n  o f  CON A to  p ro d u ce  h a l f  maximal a g g lu t in a t io n , bu t 

on in f e c t i o n  w ith  sim ian  v i r u s ,  th e  c e l l s  o n ly  r e q u ir e d  

60-100  ^ig/ml c o n c e n tr a t io n  t o  p ro d u c e  h a l f  maximal a g g lu t in a t io n  

(W lo o lso n , 1 9 7 2 ) .

In  t h i s  s t u d " ,  20C iN IH  a x e n ie  s t r a in  t r o p h o s o l tn s  

f a i l e d  to  l y s e  c u l tu r e  c e l l s  and th u s  i t  i s  p o s s ib le  t h a t  co n tin u o u s  

a x e n lc  c u l t i v a t i o n  nay le a d  to  a g r a d u a l lo s s  o f  th e  f a c t o r  which 

governs th e  a f f i n i t y  o f  th e  s u r f a c e  membrane f o r  CCN A.

A lthough in  t h i s  s tu d y  no d if fe r e n c e s  in  th e  morpho­

l o g i c a l  f e a t u r e s  o f  th e  t r o p h o s o i t s  g l y c e r o l  yx in  b o th  n o n - 

pathogeni c  ( 2OO1NIH) and p a th o g e n ic  s t r a i n s  (Sw an s, B P - liD tS S )  

were fou n d , lushbaugh and P i l l e r  ( 1 9 7 4 )  were a b le  to  show b y  u s in g  

s p e c ia l  s t a i n i n g  te c h n iq u e s  t h a t  th e  g l^ o o ra ly r  o f  a x e n ic  amoebae 

d i f fe r e d  from  th a t  o f  mo no xe  n ie  t r o p h o s o i t e s  in  b e in g  n o re  r e g u la r  

and eo n p 'C t i n  th e  a x e n lc  g ro u p . I n  n o n ox en le  c e l l e ,  th e  d en se 

in n e r  p o r t io n  o f  th e  g ly e o c a ly r  was o v e r la id  by  l r r e g i l a r l y  

d is t r ib u te d  p eak s o f  n ore  f i b r i l  1 e r  n o t a r i a l .  The a u th o rs  th ou gh t 

th a t  th e  in c r e a s e d  p r e v a le n c e  o f  s u r f a c e  p r o je c t io n s  i n  th e

167
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■ o n ox er.ie  c u l t u r e  i s  c o r r e l a t e d  w it), v i r u l e n c e .  I f  su ch  a 

c o r r e l a t i o n  d oes e x i s t ,  th e  g ra d u a l ch an g e  in  th e  a p p e a r -n e e  o f  

th e  g ly c o c a ly x  o f  th e  t r o p h o z o i te s  o f  a x e n ic  s t r a i n s  m v  p erh ap s 

co rre sp o n d  to  th e  a l t e r a t i o n  in  th e  a f f i n i t y  o f  th e  membrane f o r

COX A.

R e ce n t work b y  F l n to  da S i l v a ' s  group h as shown th e  

oom plea I t s  (T in to  da S i l v a  e t  a l . ,  1 9 7 4 ,  1 9 7 r |

J ia r t in e s —r a lo a o  and F in to  da S i l v a ,  1 9 7 4 ) .  U s in g  .7 . h i s t o l y t i c a  

to  i n v e s t i g a t e  th e  c o n ce p t o f  membrane f l u i d i t y  w hich r e g a r d s  th e  

membrane a s  c o n s i s t i n g  o f  i n t e g r a l  and p e r ip h e r a l  com ponents bo th  

o f  w hich move in d e p e n d e n tly  o f  each  o t h e r ,  th e s e  a u th o rs  t r e a t e d  

th e  tro p h o s u i t e s  b o th  w ith  g l y c e r o l  and w ith  CC3T A p e r o x id a s e ,  

w hich  I n f lu e n c e  th e  membrane com p o n en ts. The c o l l o i d a l  ( R e ’ ) 

b in d in g  S i t # « ,  n e g a t i v e l y  s h a r p i  S t  ; r  l .Q  and membrane p a r t i c l e s  

o r  u i t i  -o -.ir  s i t e s  ( P in t s  la  U n  mà ■ a r t in e n - C s le a e ,  

r e p r e s e n t  th e  I n t e g r a l  c o o i jo n e n ts , w hereas th e  COR A s u r f a c e  

r e c a ,  t o r e  M i  S S iü S  s i t e s ,  n e g a t i v e l y  c h a rg ed  a t  |«0 r e p r a a s n t  

th e  p e r ip h e r a l  com ponen ts. When l i v i n g  t r o p h o s o i te s  w ere p r e ­

t r e a t e d  w ith  g l y c e r o l  b e fo r e  f i x a t i o n  t h e r e  was s  marked 

a g g r e g a tio n  o f  th e  m erbran» p a r t i c l e s  and c o l l o i d a l  b in d in g  s i t e s  

( i n t e g r a l  com ponen ts^ . T h eae com ponents wore found to  d i s t r i b u t e  

i n  p a tc h e s .  Such marked in d u ce d  a g g r e g a t io n  was n o t acco m pan ied  by 

COR A r e c e p t o r s  and a c i d i c  s i t e s .  The d i s t r i b u t i o n  o f  p e r ip h e r a l  

com ponents was th u s  u n a l t e r e d .  S i m i l a r l y ,  p r e - tr e a tm e n t  w ith  COR A 

and p e r o x id a s e  r e s u l t e d  in  th e  a ccu m u la t io n  o f  COR A s u r f a c e  

r e c e p to r s  a t  th e  u ro ld  end w hioh waa d ev o id  o f  in t e g r a l  co m p o n en ts, 

w h ile  th e  d is t r i b u t i o n  o f  membrane p a r t i c l e s  end a c id ic  s i t e s  

( i n t e g r a l  com ponen ts) rem ain ed  u n a lte r e d  o v e r  th e  w hole b o d y . These 

r e s u l t s  c l e a r l y  u n d e r lin e  th e  s t r u c t u r a l  and o r g a n i s a t io n a l
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c o m p le x i ty  o f  th e  p la s m a  membrane o f  Z. h i s t o l y t i c a .

T h is  s tu d y  h a s  p ro v id ed  s t r o n g  e v id e n c e  o f  th e  

e x i s t e n c e  o f  a  s u r f a c e  t o x in  i n t im a t e l y  a s s o c ia t e d  w ith  th e  p ia s m a -

lem n a o r  g ly c o  c a l y x .  A lth o u g h  i t s  i d e n t i t y  h as n o t  b e en  e s t a b l i s h e d  

t h e r e  a r e  p o in t e r s  to  i n d i c a t e  th a t  a p h o sp h o lip r .se  i s  p r o b a b ly  

in v o lv e d  ( s e e  s e c t i o n  7 . 4 » “ )•

E .4 - 5  * )  S u r f a c e - a s s o c i a t e d  p h o s r h o lip a s e

As th e  C r . r e  1 - ■ s i  ng c y t o t o x i o l t v  t e s t  i s  an a c c u r a te  

i n d i c a t o r  o f  c e l l  l v s l s  i t  h a s  been  u sed  e x t e n s i v e l y  to  I n v e s t i ­

g a t e  b o th  th e  m echanism  o f  t a r g e t  c e l l  l ' ^ i s  b y  c v t o t o x ic  

ly m p h o c - te s  ( F e r lu g a  and A l l i s o n ,  2 9 7 4 ,  1 9 7 5 l  F r y e  and F r io u ,

1 9 7 5 ) »  an d th e  c y t o t o x i c  e f f e c t  o f  le u k o c ld in  from  F se u io n o n a s

.

The J C r i s  ta k en  up b y  e e l l s  a s  ch ro m ate  and i s  th o u g h t t o  b in d  

t o  c y to p la s m ic  p r o t e i n s .  I t s  r e l e a s e  depends on le a k s  in  th e  

c e l l  m em brane la r g e  en ough  f o r  m o le c u le s  o f  a h ig h  m o le c u la r  w e i^ i t  

t o  p a s s  th r o u g h . I t  was t h e r e f o r e  d e c id e d  t o  u s e  t h i s  t e s t  to  

e s t a b l i s h  w h e th e r  a t o x i n  o f  am oebic  o r i g i n  was dam aging th e  c e l l  

membrane i n  m on o lay er  c u l t u r e  s y s te m s .

The f a c t  t h a t  hom ogen ates o f  X . h i s t o  1." t i c a  and £ .  

ln v a d e n a  l i d  n o t  In d u ce  r e l e a s e  o f  ^ C r  from  l a b e l l e d  C hang c e l l s  

p r o v id e s  f a r t h e r  e v id e n c e  t h e t  th e  c y t o t o x ic  m echanism  depends on 

i n t im a t e  c o n t a o t  be tw e en  an  i n t a c t  amoeba and a h o s t - c e l l .  The 

u l t r a s t r u c t u r a l  f in d i n g s  a l s o  d em o n stra ted  t h a t  th e  a d d it io n  o f  a 

h om o gen ate  o f  £ .  h i s t o l y t i c a  t r o p h e a o ite s  to  a HF13 c a l l - l i n a  

n o n . l a y e r  d id  n o t  c a u s e  i n »  s i g n i f i c a n t  m o r p h o lo g ic a l a l t e r a t i o n  

i n  th o  c o l l s ,  f u r t h e r m o r e ,  th e  f a i l u r e  o f  th e  s u p e rn a ta n t  medium 

from  4 b h r  am oebic  c u l t u r e *  t o  in d u ce  r e l e a s e  o f  ^ C r  i n d i e  t e a

t h a t  a  C”t o t o x i c  s u b s ta n c e  i s  n o t  b e in g  e e c r e t e d  -  a t  l e a s t  in  an y
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w eig h t p o ly p e p tid e «  (H uggins e t  e l . ,  1 9 7 6 ) .  Thus a breakdown 

i n  h o e t - c e l l  p lasm a Membrane i n  c o n ta c t  w ith  an amoeba m lf£it 

i n d ic a t e  ex p o su re  o f  th e  h o s t - c e l l  s u r fa c e  to  p h o s p h o lip a s e  A.

The a c tu a l s i t e  o f  j-hos h o l i ;  ae A, i f  p r e s e n t ,  i s  

c o n je c t u r a l .  As th e  amoeba i s  p rev e n te d  from b e in g  k i l l e d ,  th e  

en iv n e  may e i t h e r  b e  bound on th e  am oebic g lv c o c a ly x  o r  a c t u a l ly  

b e  an i n t e g r a l  p r o te in  c f  am oebic p l-'enalem m a. As TTTase was 

l o c a l i s e d  w ith in  th e am oebic v a c u o le s ,  and fu s s '*  v e s i c l e s  were 

d em o n stra ted  on bo th  th e  v a c u o la r  membrane and th e  plasnalem m a 

( s e e  | * la  Id  s e e r  p o s s ib le  th a t  th e  a c id  m ucopoly­

s a c c h a r id e s ,  g ly c o p ro te in s  and g l '^ c o lip ld s  o f  th e  g lv c o c a lv x  a re  

b e in g  tr a n s p o r te d  from th e  v a c u o le s  to  th e  p lasn a len m a v ia  th e  

v e s i c l e s .  I t  I  I M l  a BM lM adflB could

a ls o  b e  a p p l ie d  to  th e  t r a n s p o r t  o f  p h o sp h o lip a se  b u t ev id e n ce  

f o r  r i c h  ■ mmmhandM l e  s l i  h t .  I t  ■ a ” I e t h - t  th e  e n i " i r ,  l a  

p r e s e n t  i n  a p r e c u rs o r  ' o r e ,  and l e  a c t iv a te d  o n l -  by  a m o e b a -ce ll 

c o n t a c t .  F r y e  and F r io u  (1 9 7 ^ )  i n  t h ^ ir  work on th e  i n h i b i t i o n  

o f  mammalian c y t o t o x ic  e a l l a  yy p h o e ,h n t ld y lo h o lin e  and i t a  

a n a lo g u e , e t r e s a e d  th t  moat p h o s p h o lip a s e s  have been  fou nd  to  be 

In c a p a b le  e f  a t ta c k in g  th e  p h o s p h o lip id s  o f  I n t a c t  plasm a 

mambranes. H ow ever, in  th e  p r e s e n o e  o f  m em b ran e-p ertu rb in g  ag en ts 

such  a s  d e t e r g e n t s ,  h y p o to n ic  m ilie u  o r  d i r e c t  l y t i c  f a c t o r ,  s  

s m a ll b a s i c  p s p t id s  found in  s n a k e  venom s, th e  e n s u e s  e r e  a b le  

t o  o a ta ly m s th e  c o n v e rs io n  o f  p h o s p h o lip id s  in t o  t h e i r  d e r iv a t iv e s  

(F r y e  and F r l o u ,  1 9 7 ^ ) . I t  l e  th u s  p o s s ib le  th a t  p h o sp h o lip a se  i s  

p r e s e n t  on th e  c u l tu r e  c s l l  s u r f a c e  a s  a  p r e c u rs o r  fo rm , and 

r e q u ir e s  a c t iv a t io n  by a e a t a l v t i e  f a c t o r  p r e s e n t  on th e  am oetle  

p lasn alem m a.

The "  Cr e v t o t o x i o i t v  ex p erim en ts  i n d i c a t e !  damage to
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t h e  p laaan  » en b ra n e  o f  th e  0 * 11  a l lo w in g  la r g o  » o le e u le a  aucb aa 

p r o tc - ln a  to  le a k  t h r o n g .  The p o s s i b i l i t y  th a t  p r io r  to  th ia  

■ m a il e r  m olecu le«  h a r e  paaaed  th ro u ^ i th e  plasm a n e rb ra n e  in  

r e s p o n s e  to  o a m o tic  c h a n g e  must now b e  o o n a id e re d . Oreen e t  a l .  

( 1 9 9 9 )  were a b le  t o  d s p jo n s tra te  t h a t  com plem ent p rod u ces h o le a  

i n  th e  c e l l  a e r b r a n e .  T h ese  a llo w  e m a il moler-

p o t a a a iu a ,  amino a c i s  and r ib o n u c le o t id e «  t o  p aaa th roug h  b u t n o t 

l a r g e r  m olecu les s u c h  aa p r o te in s  and ItNA which do n o t peas th ro u g h  

u n t i l  th e h o le s  a r e  e n l a r . e d  through an in f l u x  o f  w a ter  c a u s in g  

■ w a l l in g  o f  th e  c a l l .

r a r lu g a  and A l l la o n  ( l  7 4 )  in  t h e i r  e tu d le e  o f  tumour 

c e l l o  in  c o n ta c t  w ith  T— ly n p h o c v te s , m d  :'ch-rm nnn ( 1 9 7 6 ) ,  

w o r k in g  on th e c . r t o t c x i e  a c t io n  o f  le u k o c ld in  f r o a  Peeudaw eaaa  

» e n , l n o » e .  s u p p o rte d  3 r e a n  e t  a l ' e  f i n d i n g s .  T h ese au tl o re  w^re 

a b l e  t o  d em on strate t h a t  m ark er o f  a lo w er a o le e u la r

w a lgh t t  wae r e le a s e d  f r o a  th e  c e l l o  » o r e  r a p id ly  th an  l r r ,  

i n d i c a t i n g  th a t  l a r g e  m o le c u le s  a re  r e le a s e d  o n ly  a f t e r  s w e l l in g  

o f  t h e  c e l l s  h as l e d  t o  in c r e a s e d  p e r m e a b i l i ty  o f  th e  p la a a e  

■ a a h n m e .  S ch araaan  r e g a r d e d  such  a phanaaaao a as a " e c l l o l d -  

o a n r t i c  p r o c e s s " .  F e r l u g a  and A l lis o n  ( 1 9 7 4 )  however b e lie v e d  

t h a t  p h osp h o lip ase  A p la y »  no p a r t  in  th e  e y to to x ia  e f f e c t  o f  

T —l.v n p h o cy te a  on tu a o u r  c e l l o «  t h e i r  c o n c lu s io n  b e in g  based  

o n  t h e  assum ption t h a t  i f  k i l l i n g  o f  t a r g e t  e e l l a  in v o lv e s  d is ­

r u p t i o n  o f  the e t i a jc t u r e  o f  th e  o e l l  Membrane due to  p h o s p h o lip a s e *  

b o t h  m ark ers d6Rb* and 5 1 C r sh o u ld  ba r e le a s e d  s im u lta n e o u s ly .

T h e y  th u s  regard ed  l y a l a  due to  o a a o t l c  ch an g e aa a t o t a l l y  

d i f f s r e n t  phenomenon f r o a  t h a t  o f  o o a p le ta  breakdown o f  th e  c e l l  

a e a b r -a n e  due to  p h o s p h o lip a s e  A.

The p r e s e n t  m o rp h o lo g ica l s t u d ie s  on th e  i n t e r a c t i o n
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C o n tin u ed  c u l t i v a t i o n  o f  E ntam oeba h i s t o l y t i c a  

a x e n i c a l l y  and m o n o x e n ic a l ly  n ay  le a d  to  a  d im in u tio n  i n  d e g re e

o f  in v a a i v e n en e and l n f e c t i v i t y  i n  la b o r a t o r y  a n im a ls  ( P h i l l i p *  

and B a r t g i s ,  1 9 5 4 »  P h i l l i p s  a t  a l . ,  1 9 7 2 »  P h i l l i p s ,  1973»

B o s ,  1 9 7 3 »  P o s  and TTage, 19 7 5 »  W it tn e r  and Rosenbaum , 1970»  

" a n im o to  a t  a l . , 1972»  Diamond . .  . Sue), p r o g r e s s iv e

l o s s  o f  v i r u l e n c e  i s ,  h o w ev e r, found t o  b e  u n r e la t e d  to  le n g th  o f  

in d iv id u a l  s t r a i n  o u ltu r e  t im e  nnd s t r a i n s  c u l tu r e d  f o r  th e  same 

le n g th  o f  t im e  do n o t p ro v e t o  b e  e q u ' l l  v i r u l e n t  (Diamond e t  a l .  

1 9 7 4 ) «  N e a l ( 1 9 7 1 )  b e l ie v e d  t h a t  am oebae a r e  n o m a l l v  a v l r u l e n t  

i n  th e  i n t e s t i n a l  lumen and t h a t  i n  r e s p o n s e  to  some unknown 

s t im u lu s ,  th e y  ch an ge in t o  v i r u l e n t  o r g a n is m s . I t  w i l l  b e  s e e n  

from  th e  in t r o d u c t io n  t o  t h i s  work ( B . 2 . 2 )  t h a t  t h e r e  i s  i n c o n s i s ­

t e n c y  i n  p u b lis h e d  r e s u l t s  o f  a t t e m p ts ,  u s in g  l a b o r a t o r y  a n im a ls ,  

t o  i d e n t i f y  h o s t  f a c t o r s  w hloh m ig h t s t im u la t e  th e  amoeba t o  in v a d e  

t i s s u e .  N e a l ( 1 9 7 1 )  commented t h a t  a com p lex  l a b o r a t o r y  a n im al i s  

n o t  th e  i d e a l  m odel f o r  th e  d e te r m in a t io n  o f  in v a s iv e n e s s .

A c e l l  c u l t u r e  am oebic  s y s te m  h a s  on th e  o th e r  hand 

b e e n  shown t o  b e  e m in e n t ly  s u i t a b l e  f o r  th e  s tu d y  o r  e a r l y  

a m o e b ia s is  l e s i o n  (P n ig f c t ,  B ir d  and H cC a u l,  1 9 7 5 )  and t h i s  a l t e r n a ­

t i v e  t e c h n iq u e  h as b e en  em ployed in  t h i s  s tu d y  in  w hich  th e  

d e te r m in a t io n  o f  d e g re e  o f  v ir u l e n c e  p r o v id e s  an ndm lr b l e  exam p le 

o f  th e  s u p e r i o r i t y  o f  su ch  a m ethod o v e r  one u s in g  la b o r a t o r y  

a n im a ls  w ith  i n e v i t a b l e  v o r i - t io n  b e tw een  h o s t s .

Two a x e n ic  s t r a i n s ,  2 0 0 iNTR and PV—ll lH S S  w ere t e s t e d  

f o r  v i r u l e n c e  b v  a d d in g  th e  amoebae t o  m o n o lay e r  ( R H 3 )  w hich  i s  

known t o  b e  r e a d i l y  a f f e c t e d  b y  m o n m e n lc  s t r a i n s  ( l  ni t  e t  1 . ,  

1 9 7 5 ) «  The am oebae w ere l e f t  in  o o n ta c t  w ith  th e  c e l l s  f o r  two
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h o u r s ,  « . t a r  w hich  th e  c u l t u r e  w-a e u u rin a d  f o r  p a th o lo g ic a l  

o h a a g o . In  on# s t r a i n ,  2 0 0 iN IH , no a l t e r a t i o n  In  f in s  s t r u c t u r e  

w as n o t i c e d  in  th e  c o n t a c t e d  c e l l s .  I n  c o n t r a s t  th e  o e l l s  

resp o n d ed  to  th e  am oebae o f  T V -1 tIK S S  a z e n lc  s t r a i n ,  and p a th o lo ­

g i c a l  ch an g es  w ere e a s i l y  d e t e c t a b l e .  I t  I s  ap p aren t t h a t  t h e r e  

i s  »  v a r ia t io n  In  th e  d e g re e  o f  r i r u le n o e  among a x e n lc  s t r a i n s  o f

l i e d

C h an g c u lt u r e  c e l l s  c a u s in g  a  r e l e a s e  o f  c h r o a lu a  i s  y e t  a n o th e r  

ex a m p le  o f  th e  u s e f u l n e s s  o f  c e l l - o u l t u r e  s y s te m s  as an a l t e r n a t i v e  

m od el i n  th e  I n v e s t ig a t io n  o f  c o n t r i b u t o r y  f a c t o r s  in  r e s t o r i n g  

v i r u l e n c e  and I n  th e  d e t e r ■in & t io n  o f  in v a s iv e n e s s  and i n f e c t i v l t y  

s  o f  h i s t o l y t i c a .i n  d i f f e r i n g  s t r a l n i
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:;xporim unta r s c o r  led in  t h i s  t t .e e ia  b a r *  i l l u s t r a t e d  

th e  fo l lo w in g  p o in ts  i

1 )  F i x a t io n  i n - a i t u  o f  t r o p h o s o i te s  c u l t iv a t e d  on 

g l a s s  c o v a r a lip  hns baan  found to  p ro v id e  a  b a t t e r  p r e s e r v a t io n  

o f  e x t r a c e l l u l a r  s u r f a c e s .  S c a n n in g  m icro sco p y  o b s e r v a t io n s  

su p p o rted  by  th ln - s e o t lo n in g  te c h n iq u e s  have r e v e a le d  a new 

f e a t u r e ,  th e  e x is t e n c e  o f  f i lo p o d ia .

2 )  Th iam ine p yroph oaph ntase i s  p r e s e n t  in  th e  am oeblo 

v a c u o le s  l n l i e a t l n g  t h a t  th e s e  v a c u o le s  l i k e  a G o l g i  c o a p le x  can  

p la y  ar. in p o r ta n t  s e c r e t o r y  r o l e  i n  th e  s y n th e s is  o f  p o ly ­

s a c c h a r id e s  and g ly c o p r o te in s  as v e i l  as  in  th e  fo rm a tio n  o f  

p r im a ry  ly s o s o n e s ,

3 )  C o n ta c t betw een th e  amoebae and th e  o u ltu r e  c e l l s  

i s  e s s e n t ia l  f o r  p a th o g e n e s is  to  o c c u r .

4 )  I n  p a th o g e n e s is  o f  a m o e b ia s ls , v ir u s e s  do n o t p la y  

a  p rim ary  r o l e  in  h o s t - c e l l  dam-.ge.

5 )  Changes in  c y to p la s m ic  u l t r a s t r u c t u r e  i s  n o t an 

e x p r e s s io n  o f  p rim ary  datr ge to  th e  c e l l .

6 )  The am oebic en s.v m e-co n ta ln in g  o r g a n e l le s  o r  

s u r f a c e  ly so a o n es  do n o t e x i s t  and th e y  a re  n o t r e s p o n s ib le  f o r  

s e l l  damage.

7 )  D is ru p tio n  o f  lrsoeom o s o r  ch an g es  in  th e  d i s t r i ­

b u t io n  o f  ly soso m al h y d r o la s e s  in  th e  h o s t  e e l I s  o c c u r  l a t e  

fo l lo w in g  th e  a d d itio n  o f  t r o p h o s o i te s .

8 ) P ro m eth asln e h y d ro e h lo r id e  p r e v e n ts  damage to  c e l l s  

i n  c o n t a c t  w ith  tr o p h o s o i te s  by  s t a b i l i s i n g  c e l l u l a r  membrane 

i n t e g r i t y  and by  p r e v e n tin g  p e r m e a b il ity  ch an g e.

9 )  A t o x i n ,  p ro b a b ly  an am oebic s u r f a c e  a s s o c ia te d

1 7 «
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p h o s p h o lip a s e  A, im p a ir s  th e  c o n ta c t  c a l l  p lasm a nem brana 

s e l e c t i v e  p e r m e a b i l i ty  a s  shown b y  C r . r a la a a a  e x p e r im e n ts . Prom

t h i s  i t  can  b a  deduced t h a t  th a  to x in  b r e a k s  down th e  c e l l -  

■em brane, l e c i t h i n  to  l y s o l a c i t h i n ( a p o ta n t l v t i c  a c i d ,  and f a t t y  

a c i d .  L y s o le c i t h in  i s  c a p a b le  o f  a t t a c k in g  th e  p h o s p h o lip id s  o f  

an i n t a c t  o a l l  membrane c a u s in g  f u r t h e r  breakdow n i n  c a l l  

com ponents due to  o s m o tic  c h a n g e s . O nes th e  c v t o s k e l e t a l  c o n tr o l  

w ith in  th a  c o n t a c t  c e l l  i s  l o s t ,  th a  a s o a b a  i s  a b l e  t o  p h ag»- 

e y t ix e  th a  c a l l  and in ju r e d  o a l l  com ponsnts a r e  ta k e n  i n t o  th a  

am oebic v a c u o le s  where i n t r a c e l l u l a r  d ig e s t io n  ta k e s  p l a c e .

1 0 )  P ro m e th a s in e  h y d r o c h lo r id e , w hich  j  m r M t «  damage

t o  c a l l s  in  c o n ta c t  w ith  t r o p h o s o i t e a ,  d o es n ^ t i n h i b i t  aaM ebie 

p h a g o o y to s ls .  T h is  work shows m icro g rap h s  o f  an am oeba in g e s t in g  

a h e a lth y  c e i  I  p lasm a m em br-ne.

1 1 )  C a l l  c u l t u r e  s y ste m s a r e  in  many w ays p r e f e r a b le  

to  la b o r a t o r y  an im als  in  th e  s tu d y  o f  am oebic p a t h o g e n ic i t y .
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. • . • .A . ( i f T J f c )  - I t ."  s t r u c tu r e  o f  S .

h i s t o l y t i c a -  H m U  V IH i 2CC. I n t i .  J .  r a r  i s i t o l . ,  I ,  4 5 7 - 4 6 0 .

PROWAZEK t S .  ▼*>" (1 9 1 2 )  V e i t e r a r  B e i t r a g  cu r  k e n n tn la  d ar 
Int BritSt o n . A rch . P r o t i s t o n k . ,  2 6 ,  2 4 1 - 2 5 1 .

• • • .................................................  . •
A acan n in g  e l e c t r o n  m lcro seo p e  stu d y  o f  c a l l  ad hesio n  and 
aproad lng in  v i t r o .  h rp l.  C o l l R e a . ,  ÖÖ, 3 2 7 -3 3 9 .

1 p ,
fo u n d atio n  S t i ; o a l i u  on % iv » « a  and D n i;; A c t io n * . C h u r c h i l l ,  
London.

K .R . ,  and S ! r.O. v r l i r a r
o a l l  daa^ga dua to  ca rb o n  t e t r a c h lo r id a  an d em onstrated b -  th a  
uae o f  p h a a e r g a a . V a tu r a , 1 9 0 .  6 2 1 - 6 ° 2 .

■ STVOLDS, K .S . ( 1 9 6 3 * )  Tha u aa  o f  l a « :  c i t r - t e  a t  M r  ; H a s  an  
e le c t r o n  opaque e t a i n  in  e l e c t r o n  m icrosc-op B i o l  • ,
I I ,  2 08 .

KSTR0LS8, S .S .  ( l> 6 3 b )  L iv e r  parenchym al c a l l  in ju r y .  I .  I n i t i a l  
a l t e r a t i o n s  o f  th e  c a l l  fo l lo w in g  p o is o n in g  w ith  carb o n  t e t r a ­
c h lo r id e .  J .  C a l l .  B i o l . ,  2 1 ,  1 3 9 - 1 5 7 .

. C . 3 . ,  l 1DTA , and CA l l ' f ,  L .T .  ( 19 66) C u l t i v a t io n  
o f  U t a r o e t a  h lw to l .- 't ic a  ’« d 'h t - n o « l  ).i e t o l y t i c a - l i k e  s t r - i n a  
a t  reduced t e a , c r a t u r e  and b e h a v io u r  o f  th e  amoeVre in  d i l u t e d  
n e d la . A r. . t r  . . e . ' .  , J_,

■ICUTERS, A . ,  an 1 VAUBTRH,  . . f  .ism io slo n  e l e c t r o n
m icroscopy o f  t i s s u e  o u ltu r a  p r e p a r a t io n s  on j 'o l r a t  r a n e  
o o v e r s l ip s .  S t a i n .  P n c J m o l .,  4 . 1 8 5 - 1 8 8 .

B e n in ,  aa* acmjtrA», v .r .  (1964' 1-. n tro  selection of the
n i t o t i c  c a l l  f o r  su b se q u en t e l e c t r o n  m icro o e o j •. 9 .  C e ll M o l . ,
2 £ ,  3 5 4 -3 *9  -

■ o n r n u i ,  B .C . .  t ,  r . t  o ::r.-A , a . ,  . .
C om parasloni u l t r  a t r u t t u r a l i  f r a  d iv e r s e  s p e c ie  dl >it«m oeV a 
a  c i a t i  t a t r a n u c le a t e  /£ .  n oah V ovah il , ^ 1. h la t o l  - - t i c s  (cap p o

V i l a

e l a t l  t e t r a a u e l e a t e  / l .  — a t k a f t i i .  I .  h i a t a l r t l -
T * d° )  *2^* 2 *  i A Q i a f t  _/  B o l l .  1 s t .  S i » r o te :

V0VBAJT8LLI, 1 . 0 . ,  C R C C I, 0 . ,  3CA01IA, V . ,  an T>a CARKIRX, I .
(1 9 7 4 a )  U l t r a a t r u e t u r e  o f  Bfritaaioeba m oeVhevakll w ith  p a r t l o u l a r  
reg ard  to  th e  p r e s e n c e  o f  s u r r  c e  c t i v e  l-o o a o n e n . I n t .  J .  
T a r a e i t o l . ,  ± ,  ) » - ) ) ) .

. . .  . . .  . . 
(1 9 7 4 b )  O l t r a a t r u o t u r e l  p a t t e m  o f  th e  n u c le u s  o f  Entamoeba 
g o l i . I n t .  J .  P a r a o i t o l . ,  J  J 4 7 - 3 5 1 .
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■O m u n E L L I, B .O . ,  CAHOSX, 0 . ,  F I 1 I C J ,  F . ,  and De CAHT2RX, I .

(1 9 7 4 « )•  O b s e r v a t io n s  o f  s u r f a c e  a c t iv e  lreo ao m es and o t h e r
o r g a n e l le *  i n  m o n o x e n ica llv  c u l t i v a t e d  tr o p h o z o i te *  o f  5 n ta ir o e b a  
h i a t o l r t i c a  arid a-itac .o e ta  c o l j  .  X n t . J .  r a e i t o l . ,  4 ,  4 33 -  ’ •

■ O S S f, S . I .  ( 1 9 6 2 )  C o v e r -g la * *  em bedding in  o pen -end  c a p s u le s  f o r  
e l e c t r o n  n lc r o s o o p  . S ta in  T e c h n o l . ,  3 7 » 1 9 5 - 1 9 7 .

■OSBreADT', R .F .  an 1 P U B I ,  V.  ( i f f  )  " H r  i t — t w  o f
b a c t e r lz e d  and a x e n lc  t r o ;  h o z o i t  os o f  Tlntaercoba „ i s t o l y t l c *  v i  th  
p a r t i c u l a r  r e f e r e n c e  to  h e l i c - J  l o d i e s .  . C a ll  B i o l ,  V  . 
3 6 7 - 3 8 2 .

. . .  .................................................  . .
A ac a n n ir ,r  e l e c t r o n  r .ic r o e c o p e  s tu d y  o f  c e l l  ad h e s io n  and 
s p r e a d in g  i n  v i t r o ,  3 x p l . C e l l  R e s . ,  3  .  3 2 7 -3 3 9 *

SA B A -IV I, » . f t . .  M i  , . ,  and PARRITBW, R . J .  ( 1 9 6 3 )  C y to c h e m is tr y
and e l e c t r o n  m icro s co p y  -  th e  p r e r e r v a t io n  o f  c e l l u l a r  u l t r a -  
s t r u c t u r e  "nd  en zy m atic  a c t i v i t y  b y  a ld s h ” 3e f i x a t i o n .  J .  C e l l  
B i o l . ,  1 2 ,  1 9 - 5 8 .

SAPKRO,  J . ,  HATATSSO’: ,  1 . 0 . ,  and L O tTTITT , C.M. ( 1 9 4 2 )  The 
o c c u r re n c e  o f  2  s i  « n l f i o a n t l r  d i s t i n c t  a r e a *  o f  In  : m oots 
h i s t o l y t i c a . Aai. J .  t r o p .  W ed ., 22_t 1 9 1 -2 0 8 .

SC HART ART:, V . ( 1 9 7 6 )  C y to to x ic  f f e c t s  o f  le u l r id in  from
r*eu Jo m o n  b a e r u j i . o s a  on ro ly n o rp i-© n u c le a r  L e u k o cr te e  from  
c a t t l e .  I n f e c .  end Inman! t  v . ,  2 2 ,  8 3 6 -3 4 3 »

. A.2  .  ,  TXIXMAS-OONZALU, J .  ,  De LA BCRH 1, F .  , and Be LA
noz, ft,
de c u l t l v o s  a x e n ic  s  y nonox. in i c o o . .s tu d io  h i s t o c u f  rrico in
v iv o  e  i n  v i t r o .  A rch . In v .  F 4 d . (M d x .) ,  ± ,  S u p l. 1 ,  s l l ' - s l P d -

M 0 V F B I ,  F .  ( 1 ) 4 ) )  An e l e c t r o n  m icro s co p e  etu d v o f  th e  A noebo- 
f l a ^ e l l a t e ,  K n og] • r i  a gr u t e r l  ( S c h - r d in g e r ) .  J .  T r o t o a o o l . ,
l£L, 2 9 7 .

S I D B ia r i ,  W .A ., end RTtDZI-CFA , F .  A. ( 19 6 3 ) A h e l i c a l  e t r u c t u r e  in  
r lb o n u c le o p r o te in  b o d ie e  o f  iftitamooba in v a d e n e . N a tu re , 2 0 0 .

»INOn, B .W . ( 1 9 5 9 )  E f f e c t  o f  e h lo r e e t e r o l  on th e  v ir u le n c e  o f
^»tam oeta l . l e t o l j r t l c a  In  r a t a .  J .  e c i e n t .  ln d . B e e . ,  1 S T , I 66 - I 6 9 .

U M ,  f t . * . ,  SRTTA3TAVA, R .T .N .,  and Dr»’TA, O .P . (1 9 7 1 )  T ir u le n c e  
o f  a t r a ln a  o f  ~lntaroo>  ̂ h i s t . l y t l c a  to  r a t e  and th e  e f f e c t  o f  
e h l o r e e t e r o l ,  r e t  e a e c a l  --nd M a t t e r  l i v e r  ; n aaare  on th e  
v ir u l e n c e  o f  n o n -in v a e iv e  e t r a i n * .  In d ia n  J .  dxp. P i o l . ,  9 ,
2 1 - 2 7 .

.............................~ . R . .  and rt'-T^A, Q .F . (x > 7 3 )  Im p o rtan ce  o f  o -R
p o t e n t ia l  i n  i n i t i r t i n g  c u l t u r e s  o f  a x e n le a l ly  «Town 8h tamo aha 
h i s t o l  y t i c a  ' r o a  M a l i  in o cu l . C u r r . S c i . ,  ¿ 2 ,  -2 3 0
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SLAT3R,  T . r . ,  and O M aTBA ir*, A . I .  ( I 9 6 5 )  Chan««« i n  ly s o s o n a l 

•nz.vD«i i n  «o u t«  e x ; e r iM e n ta l  l i v e r  i n j u r y .  E iochorr.. .1 . ,  9 6 . 
4 8 4 - 4 9 1 .

I P C f X  ifTI ,  3 . A . ,  and B3JD X TT, : i . r .  ( 1 9 6 3 )  C arl on t e t r a c k l o r i  da
p o is o n in g  in  r a t * .  A l t e r a t io n  in  r i lo s o B e a  o f  t i  e l i v e r .  C M » t.c e , 
1 4 0 .  3 0 8 - 3 1 0 .

8PTTO| A .R . (1 9 6 9 )  A l o v - v i a c o c i t  • « j o x v r - a i n  M k t M l a f  e e d iu a  
f o r  « le c t r o n  r i c r o a c o .  - .  .’ . O l t l  a t i u e t .  m . ,

TAKV, X .  ( I 9 7 r ) C e l l  i n j u r e  w ith  v l r u a e a .  Am. J .  P a t h * ,  B i .  K J - I T T *

. . .  ’ , • n ’ T ' ' A, I .
( 1 9 7 1 )  L e a l  one a ;  r o d u c i 1 i a  an e l  j i £ a o o  d e l kuna t o r  p o r 
I n o c u la t i o n  d i .fritar.oeb* h la tc-1  y t i  r c u l t i v a t e  en m edia a x e l c o .  
A rch . I n v .  K 4d. ( ’V x . )  ¿ ,  PT 1 .  1 ,  -  8 4 .

. . .  7RT7 7 n o ,  J . ,  and jO S  ll't’s c r ,  3 . 3 .  ( 1 9 r ? )  H ie  e f f e c t  
o f  tv o  d i f f e r e n t  d le t a  on exp  r i a e n t a l  n m e b ia a le  in  th e  « u ln ae  
p i e  and i n  th e  r n t .  Am. J .  t r o j  . P e d . '. 're - ,  J . .  r c 9 - ,' * 6 .

n x n s ,  « m m c u » f s.s., and t a u  dc, e .i . ( i 9 6 0 ) , rhe effect
o f  cu rl-o n  t e t r a c h l o r i d e  p o is o n in g  on a u h c e l l u l a r  m e ta l d i s t r i b u t i o n  
i n  r a t  l i v e r .  J . M o l .  C h e n .,  » 3 0 4 1 3 ) .

n O RP OO N ,  P * l *  ( 1 9 7 1 )  1 x p e r i » « n t s l  a m e b ia s is  and c h em o th e ra p y .
A rch . I n v .  TTrfd. ( W x . )  ¿ ,  S u p l .  1 ,

. . .  • . .. . . .
De LA TTRR ::, V.  ( 1 9 7 1 a ) .  Maofc,, t l c a .
A r c h . I n v .  Pd d . (K d x .)  ¿ ,  3 u p l .  1 ,  1 7 9 - 1 W .

. . .  . . .  . .
C an b lo a  en  M edia a x e n ic o ,  b a jo  e l  e f e c t o  de lr o g a a  a n t ia m ib ia n  a i  
S s tu d io  eo n  e l  a ic r o s c o M o  e l e c t r o n i c o .  A r c h . I n v .  Vdd. ( M ix .)  
r ,  3u ; 1 . 1 . 1 T -l  ' .

w u m n D-OARciA rv^zc ,  r . ,  r  j u a - t i x a s c o ,  a . ,  De c n A r a ,  i . r .  ( 19 7 2 )
B r i t o f a # o c l t o a l a  p e r  f t t H M b a  h A eto lv*<
( M s . )  S u p l . 2, 295 - X»#.

. . . .  . . .  , : .  . .  (1 a )  r t u  !i  na rn
n e c r o a ia  in  v i t r o  i U l t m a t r u c t u r a l  a l t e r a t i o n «  in  th e  n i t o -  
o h o n d r la  o r  h e p a t ic  p a r e n c ) " » a l  c e l l « .  L a b . I n v e s t . ,  I t ,
34  3 - 3 7 1 .

TC0KPv B .P .  , T  LD I ATT, an • , ) | )  f t u d ie a
on n e c r o a ia  in  v i t r o  o f  Mouse h e p - t i c  p a r -n c k  a u a l c e l l s .
H W S l i r a l  a l t e r a t i o n s  in  e n d o p la e a iic  r e t i o u l u a ,  « o l « i  
a p p a r a tu s ,  p la a a a  membrane and l i p i d  d r o p l e t s .  L a b . I n v e s t . ,
1 4 .  2 0 0 0 —2 0 2 8 .

T Sig D A T ^, r .lt.  (1 9 7 ^ )  " I n - v i t r o  b e h a v io u r  o f  t i s s u e  o f  a d u lt
n s a m a lla n  C e n tra l  N ervous S y s te n ” .  r h .D .  t h e s i s .  T n i v e r a i t - '  o f  
L ond on.
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V ZSN IBVSPI, H. ,  SinXA N SJT, K .L . ,  and T3RRT, R .D . ( 1 3 6 8 )  E f f e c t s  

o f  m ito t ic  s p in d le  i n h i b i t o r s  on n eu ro tu b u les  and n e u r o f il s m e n ts  
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F in e  s tru c tu ra l changes at lim tam oeba h isto ly tica  

r a b b it  k id n ey  cell (R K  13 ) in terface
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Keppel Street, Career Street, tern Jim
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Several observation« suggest that in amorbiasi« contact between amoebae and cell« 
precedes tissue damage Thu« in the early caecal lesion in rat», amoebae are found firmly 
attached to mucosal cells (Bird, 1961), In vitro the studies of Jarumilinta and Kradolfer 
(1964), using blood leucocytes, and those of Katon rt at (1970), using mammalian cell 
lines grown in Rose chambers, have both shown the necessity of cell contact. Although 
Entamoeba histolytica is well endowed with potentially cytotoxic enzymes (Jarutnilinta 
and Maegraith, 196V) their role in pathogenesis is not cleat

The cell line RK I3, grown as a monolayer, provides a suitable •host' for studies of the 
cytopathu effect of E. histolytica in vitro. It attaches firmly to glass and can withstand 
for several hours the physiological conditions provided by amoebic Trvptose, Trypticaae 
Yeast (T T Y ) medium (Diamond, 196«) This paper describes morphological changes 
that follow the addition «*f bactcria-frce E histolytica trophozoites to this substrate.
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