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ABSTRACT

The t r o p h o z o i t e s  o f  E e x a m ita  i n f l a t a , a  s m a l l  a n a e r o b ic  

f l a g e l l a t e d  p r o to z o a n  a s s o c i a t e d  w i th  o y s t e r  e p i z o o t i c s ,  

h a v e  b e en  i s o l a t e d  and  c u l t i v a t e d  i n  a x e n ic  c u l t u r e s  f o r  t h e  

f i r s t  t im e  u s i n g  a  medium o f  low  o x i d a t i o n - r e d u c t i o n  

p o t e n t i a l .  C o n ta m in a t in g  o rg a n ism s  w ere  e l i m in a t e d  by t h e  

com bined u s e  o f  s e r i a l  t r a n s f e r s  and a n t i b i o t i c s .  The 

i s o l a t i o n  medium c o n ta in e d :  s e a  w a t e r ;  p e p to n e ;  g l u c o s e ;  

y e a s t  e x t r a c t ;  c y s t e i n e ;  e g g - y o lk  s u s p e n s io n  o r  b e e f  se rum ; 

an d  t h e  a n t i b i o t i c s  p e n i c i l l i n ,  s t r e p to m y c in  and  m y c o s t a t i n .

A b r i e f  m o r p h o lo g ic a l  s tu d y  o f  H. i n f l a t a  i n  a x e n ic  

c u l t u r e  was c a r r i e d  o u t .  I t  c o n f i rm e d  t h a t  t h e  s p e c i e s  

i n v o lv e d  was H. i n f l a t a  a s  p r e v i o u s l y  c la im e d  b u t  

i n a d e q u a t e l y  d e s c r i b e d  by o t h e r s .  R e p r o d u c t io n  o f  H. 

i n f l a t a  was by l o n g i t u d i n a l  b in a ry ,  f i s s i o n  o n l y .  No c y s t s  

w ere  o b s e rv e d  i n  c u l t u r e s  even u n d e r  v a r i o u s  c o n d i t i o n s  o f  

t e m p e r a t u r e ,  pH, re d o x  p o t e n t i a l  and  s a l i n i t y .  However, t h e  

f o r m a t io n  o f  s p h e r i c a l  c e l l s  o f  K e x a m ita , w i th  o r  w i th o u t  

t h e  f u l l  complement o f  f l a g e l l a ,  was n o te d  u n d e r  some 

u n f a v o u r a b le  c o n d i t i o n s .

The e f f e c t s  o f  p h y s i c a l  f a c t o r s  on g row th  w ere  a l s o

s t u d i e d .  The f l a g e l l a t e  was c a p a b le  o f  g row ing  o v e r  a  w ide

r a n g e  o f  t e m p e r a tu r e  (5 C to  25 C ), o f  h y d r o g e n - io n

c o n c e n t r a t i o n  (pH 4 .5  t o  8 . 5 ) ,  and  o f  s a l i n i t y  (3 t o  2 8 ^ a ) ;

and  r e q u i r e d  a  r e d u c in g  o r  a n a e r o b ic  e n v iro n m e n t .  These

c o n d i t i o n s  w ere  s i m i l a r  t o  t h o s e  i n  t h e  n a t u r a l  h a b i t a t  o f
i i
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t h e  o rg a n is m .

I n  n u t r i t i o n a l  s t u d i e s ,  i t  was d e m o n s t r a te d  t h a t  t h e  

f u n c t i o n  o f  t h e  e g g -y o lk  s u s p e n s io n  was t o  s u p p ly  an

u n s a t u r a t e d  f a t t y  a c i d  ----- a  r e q u i r e m e n t  r e a d i l y  s a t i s f i e d

by l i n o l e i c  a c i d  and  t o  some e x t e n t ,  o l e i c  o r  l i n o l e n i c  

a c i d .  A t te m p ts  to  r e p l a c e  t h e  p e p to n e  by  m ix tu r e s  o f  amino 

a c i d s  w ere  n o t  s u c c e s s f u l ;  b u t  a  p a r t i a l l y  d e f in e d  medium 

c o n t a i n i n g  g l u c o s e ,  c y s t e i n e ,  v i t a m i n s ,  p e p to n e  and  s a l t s  

was f o r m u la te d .
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CHAPTER I

INTRODUCTION AND LITERATURE REVIEW 

The s p e c i e s  o f  H exam ita  w i th  w hich  t h i s  s tu d y  was con

c e rn e d  i s  a  sm a l l  (8x16 jx) f l a g e l l a t e d  a n a e r o b ic  p r o to z o a n ,  

t h e  t r o p h o z o i t e s  o f  w hich o c c u r  m ost a b u n d a n t ly  i n  t h e  v i s 

c e r a l  mass o f  dead  o y s t e r s  ( g a p e r s )  i n  t h e  w i n t e r .  I t  o r  a  

c l o s e l y  s i m i l a r  f l a g e l l a t e  h a s  a t  t im e s  been  i m p l i c a t e d  i n  

v a r i o u s  E uropean  and  A m erican  o y s t e r  e p i z o o t i c s  (M ackin , 

K o r r in g a ,  and H o p k in s ,  1952; S t e i n ,  D e n iso n ,  and  M ackin ,

1961; Laird, 1961; Scheltema, 1962) and a condition of 
C an ad ian  o y s t e r s  known a s  M alpeque d i s e a s e  ( R ic h a rd s o n ,  1939; 

D r in n a n ,  H en d e rso n , and  Khouw, 1961; L a i r d ,  1 9 6 1 ) .  C e r te s  

(1882) and  L a i r d  (1961) i d e n t i f i e d  t h e  s p e c i e s  commonly 

foun d  i n  o y s t e r s  a s  H. i n f l a t a  b u t  o t h e r s  (M ackin  e t  a1 . ,  

1952; S t e i n  e t  a l . , 1961; M a r t e i l  _et a l . ,  1962; S c h e lte m a ,  

1962) h a v e  h e s i t a t e d  t o  a s s i g n  a  s p e c i e s  d e s i g n a t i o n .  A 

d e f i n i t i v e  d e m o n s t r a t io n  o f  t h e  e t i o l o g i c a l  r o l e  o f  H e x a m ita . 

ho w ev er ,  h a s  n o t  y e t  b een  a c c o m p l is h e d .

Our work on t h i s  o rg an ism  a s  w e l l  a s  t h a t  o f  o t h e r s  h a s  

b e en  from  t h e  b e g in n in g  h a n d ic a p p e d  b e c a u s e  o f  t h e  l a c k  o f  

s u i t a b l e  t e c h n iq u e s  f o r  i t s  c u l t i v a t i o n  an d  s t u d y .  I t  was 

i n  o r d e r  to  c o r r e c t  t h i s  d e f i c i e n c y  t h a t  t h e  s t u d i e s  

r e p o r t e d  i n  t h i s  t h e s i s  w ere  i n i t i a l l y  u n d e r t a k e n .  D uring  

t h e  c o u r s e  o f  t h i s  w ork , a  m ethod f o r  t h e  i s o l a t i o n  and 

c u l t i v a t i o n  o f  t h e  t r o p h o z o i t e s  i n  a x e n ic  c u l t u r e  was

1
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2

d e v e lo p e d ,  w hich  t h e n  p e r m i t t e d  some m o rp h o lo g ic a l  and 

n u t r i t i o n a l  s t u d i e s ;  and s u b s e q u e n t ly  t h e  deve lopm en t o f  a  

p a r t i a l l y  d e f i n e d  s y n t h e t i c  medium.

B r i e f  Resume o f  t h e  Genus H e x a m ita .

The genus H exam ita  was e r e c t e d  by D u ja rd in  i n  1841 t o  

i n c l u d e  t h r e e  s p e c i e s  o f  d i p l o z o i c  f l a g e l l a t e s  p o s s e s s in g  

s i x  f l a g e l l a .  A c t u a l l y  t h e  o rg a n ism  h a s  s i n c e  been  found  to  

h a v e  e i g h t  f l a g e l l a ,  s i x  s i t u a t e d  a n t e r i o r l y ,  and  tw o, 

p o s t e r i o r l y ;  th u s  i t  was m ore d e s c r i p t i v e l y  c a l l e d  O c to m i tu s . 

N e v e r t h e l e s s  t h e  m isnom er h a s  p r i o r i t y  and  may t h u s  s t a n d  

(M ackinnon  and  Hawes, 1 9 6 1 ) .  The genus i s  r e p r e s e n t e d  by a  

w id e  a r r a y  o f  f r e e - l i v i n g ,  s y m b i o t i c ,  c o m m e n sa l ic , p a r a s i t i c  

an d  even  h y p e r p a r a s i t i c  s p e c i e s .  I n  a d d i t i o n  to  a  f r e e -  

l i v i n g  fo rm , H. n o d u l o s a . o c c u r r i n g  i n  s t a g n a n t  w a t e r ,  

s p e c i e s  o f  H exam ita  h a v e  a l s o  b e en  r e c o r d e d  i n  n e m a to d e s ,  

t r e m a t o d e s ,  l e e c h e s ,  i n s e c t s ,  f i s h e s ,  a m p h ib ia n s ,  r e p t i l e s ,  

b i r d s ,  r o d e n t s  and  monkeys (M cN eil ,  H inshaw , and K o fo id ,  

1 9 4 1 ) .  They h a v e  n o t ,  h o w e v e r ,  b e en  r e c o r d e d  i n  man.

H. i n f l a t a  h a s  a l s o  b een  r e c o r d e d  from  o v ip a r o u s  o y s t e r s ,  

f o r  exam p le , O s t r e a  e d u l i s  ( C e r t e s ,  1 8 8 2 ) ,  an d  v i v ip a r o u s  

o y s t e r s ,  su c h  a s  C r a s s o s t r e a  v i r g i n i c a  ( l a i r d ,  1 9 6 1 ) .  O th e r  

r e c o r d s  e x i s t  a l s o  o f  t h e  o c c u r r e n c e  o f  u n i d e n t i f i e d  

H exam ita  s p e c i e s  in_Ch l u r i d a  ( S t e i n  _et a l . , 1 9 6 1 ) ,  O r . 

a n g u l a t a  ( M a r t e i l  jet a l . ,  1962) and  C r .  g i g a s  (B r in n a n  and 

Khouw, 1 9 6 2 , u n p u b l i s h e d  o b s e r v a t i o n s ) .

The m o r p h o lo g ic a l  c h a r a c t e r i s t i c s  o f  H ex am ita  have  

b e e n  d e s c r i b e d  by v a r i o u s  a u t h o r s  i n c l u d i n g  Kudo (1 9 4 6 ) ,
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G-rasse ( 1 9 5 5 ) ,  H a l l  (1955) and  Mackinnon and  Hawes (1 9 6 1 ) .  

The t r o p h o z o i t e  i s  c h a r a c t e r i z e d  by a  b i l a t e r a l l y  

s y m m e tr ic a l  p y r i f o r m  body w hich  b e a r s  s i x  a n t e r i o r  and two 

t r a i l i n g  p o s t e r i o r  f l a g e l l a  and w hich  h a s  two a x o s t y l e s  

ru n n in g  a lo n g  i t s  l e n g t h .  The endoplasm  i s  v a c u o la t e d  and 

c o n ta in s  num erous r e f r a c t i l e  g r a n u l e s .  T h ere  a r e  two n u c l e i  

s i t u a t e d  a n t e r i o r l y .  I n  s p i t e  o f  t h e  f a c t  t h a t  s p e c i e s  o f  

H exam ita  show g r e a t  v a r i a t i o n s  and c o n s i d e r a b l e  o v e r l a p p in g  

i n  body s i z e ,  r a n g i n g  from  6-12  jx by 2 -5  jm i n  H. m e le a g r id i s  

t o  17 -20  n  by 9 -15  M i n  H. i n f l a t a . s i z e  and  sh a p e  

d i f f e r e n c e s  a r e  s t i l l  o f  im p o r ta n c e  i n  s p e c i e s  i d e n t i f i c a 

t i o n .  E ncystm ent h a s  been  o b se rv e d  i n  some s p e c i e s .  The 

b i n u c l e a t e  c y s t s  h a v e  b een  d e s c r ib e d  a s  b e in g  s m a l l ,  o v a l  

and  se ldom  more t h a n  h a l f  t h e  s i z e  o f  t h e  c o r r e s p o n d in g  

t r o p h o z o i t e s .  S l a v i n  and W ilson  ( i9 6 0 )  h a v e  r e p o r t e d  th e  

o c c u r r e n c e  o f  two t y p e s  o f  c y s t s  i n  H. m e l e a g r i d i s . They 

w ere  o b s e rv e d  i n  mucous c l o t s  o f  t h e  bow el s c r a p i n g s  o f  

i n f e c t e d  t u r k e y s .  One was s p h e r i c a l  and  a b o u t  h a l f  t h e  s i z e  

o f  t h e  t r o p h o z o i t e ,  w i th  a  d o u b le  n u c le u s  s i t u a t e d  a t  one 

end . F l a g e l l a  w ere  u s u a l l y  r e t a i n e d  i n  t h i s  t y p e  o f  c y s t .  

The se co n d  ty p e  was n o t  f l a g e l l a t e d  and was te rm e d  a  

r e s i s t a n t  c y s t  b e c a u s e  o f  i t s  g r e a t e r  r e s i s t a n c e  t o  d r y in g .  

I t  was d e s c r i b e d  a s  b e in g  s y m m e t r ic a l ly  o v a l  w i th  a  n u c le u s  

s i t u a t e d  i n  each  o f  t h e  b l u n t ,  round ed  e n d s .

R e p ro d u c t io n  o f  t h e  t r o p h o z o i t e s  i s  u s u a l l y  by s im p le  

l o n g i t u d i n a l  b i n a r y  f i s s i o n ,  b u t  r e p r o d u c t io n  h a s  a l s o  been  

s a i d  t o  i n v o lv e  m u l t i p l e  f i s s i o n  and s c h iz o g o n y  (Moore, 1925;
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D a v is ,  1925; S l a v in  and  V filson , I 9 6 0 ) .  I n  t h e  more r e c e n t  

r e p o r t  by S l a v in  and W ilson  ( I9 6 0 )  on H, m e l e a g r i d i s , i t  was 

c la im e d  t h a t  s c h i z o n t s  i n c u b a t e d  i n  mucous c l o t s  d e v e lo p e d  

i n t o  m e r o z o i t e s  w hich  i n  t u r n  w ere  c o n v e r te d  i n t o  t a i l - l e s s ,  

a f l a g e l l a t e  m o t i l e  fo rm s .  T hese  t h e n  a p p e a re d  to  hav e  

y i e l d e d  t r o p h o z o i t e s .

H exam ita  and O y s te r  E p i z o o t i c s .

C e r te s  (188 2 )  was t h e  f i r s t  t o  r e p o r t  t h e  o c c u r r e n c e  o f  

H. i n f l a t a  a s  a  commensal i n  t h e  o y s t e r ,  0 .  e d u l i s  and s i n c e  

t h a t  t im e  t h e r e  h av e  b een  a  num ber o f  o t h e r  r e p o r t s  o f  t h e  

o c c u r r e n c e  o f  H exam ita  s p e c i e s  i n  m oribund  o y s t e r s  

(R ic h a r d s o n ,  1939 ; M ackin e t  a l . ,  1952; D rin n an  e t  a l . ,  1961; 

S t e i n  e t  a l . ,  1961; l a i r d ,  1961; S c h e l te m a ,  1 9 6 2 ) .  I n m o s t  

i n s t a n c e s  i t  h a s  n o t  b een  e n t i r e l y  c l e a r  w h e th e r  t h e  s p e c i e s  

in v o lv e d  was H. i n f l a t a , s i n c e  m ost a u th o r s  c a r r i e d  t h e i r  

i d e n t i f i c a t i o n  o n ly  t o  t h e  genu s  l e v e l .  I n  most i n s t a n c e s  

t h e  d e s c r i p t i o n s  h a v e  b e en  i n a d e q u a t e ;  i n d e e d ,  t h e  d e s c r i p 

t i o n s  o f  H. i n f l a t a  w hich  a r e  a v a i l a b l e  a r e  th e m se lv e s  n o t  

s u f f i c i e n t  t o  p e rm i t  u n e q u iv o c a l  i d e n t i f i c a t i o n  when i t  h a s  

b een  r e p o r t e d .

T here  h a v e  b een  v a r i o u s  i n t e r p r e t a t i o n s  o f  t h e  r o l e  o f  

H exam ita  i n  t h e  o y s t e r  e p i z o o t i c s  w i th  w hich  i t  h a s  b een  

a s s o c i a t e d .  R ic h a rd s o n  (1939) s tu d y in g  t h e  h ig h  m o r t a l i t y  

r a t e  among t h e  o y s t e r s  o f  P r i n c e  Edward I s l a n d ,  s u g g e s te d  

t h a t  t h i s  f l a g e l l a t e ,  t h e n  r e f e r r e d  t o  a s  U ro p h ag u s , was 

h i g h l y  p a th o g e n ic .  A p a th o g e n ic  r o l e  o f  H exam ita  was a l s o  

s u g g e s te d  by M ackin e t  a l .  (1952) i n  E u ropean  and  A m erican
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o y s t e r s  on t h e  "basis o f  h i s t o p a t h o l o g i c a l  s t u d i e s  o f  t h e  

o y s t e r s .  T r o p h o z o i te s  and b a c t e r i a  w ere  o f t e n  a b u n d an t  i n  

t h e  b lo o d  v e s s e l s ,  i n t e s t i n a l  and  s tom ach  lu m in a ,  a s  w e l l  a s  

g o nad s  and  a d d u c to r  m u sc le s  o f  dead  o y s t e r s .  However, s i n c e  

c a s e s  o f  a c u t e  h e x a m i t i a s i s  w e re  a lw ays  accom panied  by h e av y  

b a c t e r i a l  i n f e c t i o n ,  t h e  e v id e n c e  p r e s e n t e d  to  r e l a t e  t h e  

p a t h o l o g i c a l  s t a t e  o f  t h e  o y s t e r s  t o  t h e  m ere i n c i d e n c e  o f  

H exam ita  was c e r t a i n l y  n o t  c o n c l u s i v e .  S t e i n  _et a l .  (1961) 

a l s o  c o n c lu d e d  t h a t  H exam ita  was a  p a th o g e n  o f  0 .  l u r i d a  

when t h e y  o b s e rv e d  a  s i g n i f i c a n t l y  h i g h e r  m o r t a l i t y  o f  

n o rm a l o y s t e r s  exp osed  to  d i s e a s e d  o y s t e r  t i s s u e s  a t  6 C.

I t  was d e te rm in e d  t h a t  a l t h o u g h  d y in g  o y s t e r s  n o t  exposed  to  

t h e  t i s s u e s  w ere i n f e c t e d  w i t h  H e x a m ita . t h e  l e v e l  o f  

i n f e c t i o n  was much lo w e r  t h a n  i n  o y s t e r s  w hich  h a d  been  

e x p o se d .  However, S t e i n  e t  a l .  a p p a r e n t l y  d id  n o t  c o n s i d e r  

t h e  a l t e r n a t i v e  c o n c lu s io n :  t h a t  t h e  d i s e a s e d  t i s s u e s  

c o n ta in e d  o t h e r  a g e n t s  c a p a b le  o f  c a u s in g  d i s e a s e  i n  exposed  

o y s t e r s  and  t h a t  t h e  H exam ita  i n f e c t i o n  was s e c o n d a r y .

Our p r e v io u s  s t u d i e s  ( S r in n a n  e t  a l . .  1961) on c e r t a i n  

p h a s e s  o f  M alpeque d i s e a s e  i n d i c a t e d  t h a t  H exam ita  was n o t  

t h e  p r im a r y  c a u s a t i v e  a g e n t  o f  M alpeque d isease ,*  b u t  was one 

o f  t h e  e a r l i e s t  i n v a d in g  members o f  a  community o f  s a p ro 

p h y t i c  o rg a n ism s  o c c u r r i n g  i n  a l l  d y in g  o y s t e r s .  T h is  

c o n c l u s i o n  was b a s e d  on : ( l )  t h e  w id e s p re a d  o c c u r r e n c e  o f  

H exam ita  i n  a l l  g a p e r s ;  (2 )  t h e  a b s e n c e  o f  t h e  f l a g e l l a t e  

i n  h e a l t h y  o y s t e r s ;  and  (3 )  h i s t o l o g i c a l  s t u d i e s .

S c h e lte m a  (1962) a l s o  c o n c lu d e d  t h a t  H exam ita  was n o t
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a  p r im a ry  p a th o g e n ic  a g e n t  i n  D e law are  B a y - o y s t e r  m o r t a l i t y .  

He o b s e rv e d  t h a t  when a  d e n se  p o p u l a t i o n  o f  H exam ita  d e r iv e d  

from  m ixed c u l t u r e s  was i n t r o d u c e d  i n t o  a  t a n k  o f  w a te r  

c o n t a i n i n g  o y s t e r s  a t  6 C, o n ly  one o u t  o f  30 o y s t e r s  d ie d  

a t  t h e  end o f  33 d a y s .  L ig h t  p a r a s i t i z a t i o n  was n o te d  i n  

38^ o f  t h e  s u r v i v i n g  o y s t e r s .  Thus even u n d e r  e x p o su re  t o  

what a p p e a r s  t o  h a v e  b een  e x t r a o r d i n a r i l y  h i g h  c o n c e n t r a t i o n s  

o f  H e x a m ita , no s i g n i f i c a n t  m o r t a l i t y  o c c u r r e d .

A somewhat d i f f e r e n t  i n t e r p r e t a t i o n  o f  t h e  r o l e  o f  

H exam ita  i n  o y s t e r  e p i z o o t i c s  h a s  b e e n  p r e s e n t e d  by L a i r d  

( 1 9 6 1 ) ,  a s  a  r e s u l t  o f  s tu d y in g  t h e  o c c u r r e n c e  i n  

a s s o c i a t i o n  w i th  o t h e r  m ic ro o rg a n ism s  i n  o y s t e r s  o f  an 

o rg a n is m ,  i d e n t i f i e d  by him a s  H. i n f l a t a . . He s u g g e s te d  

t h a t  u n d e r  c e r t a i n  u n f a v o u r a b l e  m i c r o e c o l o g i c a l  c o n d i t i o n s ,  

t h e  a c t i v i t i e s  o f  p o l y s a p r o b e s , n o t a b l y  H. i n f l a t a , w ere 

c a p a b le  o f  c a u s in g  abnorm al m o r t a l i t i e s  i n  o y s t e r s .  The 

a u t h o r ,  h ow ever, p r e s e n t e d  no e v id e n c e  to  s u p p o r t  h i s  t h e s i s .

V/hile i t  a p p e a r s  t h a t  H exam ita  i s  p e rh a p s  n o t  t h e  

p r im a r y  c au se  o f  o y s t e r  d i s e a s e ,  i t s  w id e s p re a d  o c c u r r e n c e  

i n  a l l  d y in g  o r  dead  o y s t e r s  d e s e r v e s  f u r t h e r  s tu d y  i n  o r d e r  

t h a t  i t s  r o l e  i n  t h e  h ig h  m o r t a l i t y  i n  t h e s e  o y s t e r s  may be 

u n d e r s t o o d .  I t  w ould a l s o  be d e s i r a b l e  t o  e s t a b l i s h  w h e th e r  

one o r  more t h a n  one s p e c i e s  o f  H exam ita  i s  in v o lv e d  i n  

o y s t e r  d i s e a s e s .

C u l t i v a t i o n  o f  S p e c ie s  o f  H e x a m ita .

The f a c t  t h a t  s p e c i e s  o f  H ex am ita  a r e  a n a e ro b ic  , 

t o g e t h e r  w i th  t h e i r  a p p a r e n t l y  com plex  n u t r i t i o n a l  r e q u i r e -
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merits lias  made t h e i r  c u l t i v a t i o n  d i f f i c u l t .  B ishop  (1934) 

su c c e e d e d  i n  c u l t u r i n g  t h e  t r o p h o z o i t e s  o f  H. g ig a s  from 

t h e  g u t  o f  t h e  h o r s e  l e e c h  on a  d i a p h a s i c  medium composed o f  

an  i n s p i s s a t e d  serum and an  o v e r l a y  o f  d i l u t e d  and 

i n a c t i v a t e d  serum i n  s a l i n e .  H er c u l t u r e s ,  h ow ever, were 

n o t  a x e n i c .  By t h e  u se  o f  p e n i c i l l i n  and s t r e p to m y c in ,  

Hughes and Z ander (1954) grew  a  b a c t e r i a - f r e e  c u l t u r e  o f  

H. m e l e a g r i d i s  i n  t h e  a l l a n t o i c  f l u i d  o f  a  d e v e lo p in g  c h ic k  

embryo. S ch e ltem a  (1962) c u l t u r e d  t h e  t r o p h o z o i t e s  o f  

s p e c i e s  o f  H exam ita  from a  shucked  o y s t e r  su sp en d ed  i n  s e a  

w a te r ,  f i l t e r e d  o y s t e r  l i q u o r  and a n t i b i o t i c s .  However, 

p u r e  c u l t u r e s  o f  t h e  o rg an ism  w ere n o t  o b t a i n e d .  I n  t h e  

same way, M a r t e i l  a t  a l .  (1962) su c ce ed e d  i n  m a in t a in in g  

a g n o t o b i o t i c  c u l t u r e s  o f  a n o th e r  u n i d e n t i f i e d  H exam ita  

d e r iv e d  from P o r tu g u e s e  and P ren ch  o y s t e r s  i n  p e p to n e  and 

s e a  w a te r  e n r i c h e d  w i th  f l u i d  from  t h e  stom ach  o r  i n t e s t i n e  

o f  t h e  o y s t e r s .

Thus when o u r  s t u d i e s  b eg an , t h e r e  w ere  no m ethods 

a v a i l a b l e  f o r  t h e  a x e n ic  c u l t i v a t i o n  o f  H exam ita  on 

a r t i f i c i a l  m e d ia .  I t  was i n  c o n s i d e r a t i o n  o f  t h e  n eed  to  

f u l f i l l  t h i s  r e q u i r e m e n t  a s  p r e r e q u i s i t e  t o  t h e  s tu d y  o f  i t s  

m o rpho logy , n u t r i t i o n  and p a t h o g e n i c i t y ,  t h a t  t h e  work o f  

t h i s  t h e s i s  was u n d e r t a k e n .
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CHAPTER I I

EXPERIMENTAL WORK 

S e c t i o n  1

I s o l a t i o n  and C u l t i v a t i o n  o f  H exam ita

I n t r o d u c t i o n

Upon i n i t i a t i n g  t h i s  work an d  on t h e  "basis o f  t h e  

m orpho logy  a s  d e s c r i b e d  by L a i r d  ( 1 9 6 1 ) ,  t h e  f l a g e l l a t e s  

i s o l a t e d  from  t h e  C an ad ian  o y s t e r ,  C r a s s o s t r e a  v i r g i n i c a , 

w ere  t e n t a t i v e l y  i d e n t i f i e d  a s  H. i n f l a t a  ( s e e  b e lo w ) .

As a n  i n i t i a l  s t e p  i n  t h e  s tu d y  o f  t h i s  o rg an ism  and 

i t s  r e l a t i o n  t o  M alpeque d i s e a s e ,  a t t e m p t s  w ere  made to  

i s o l a t e  and  c u l t i v a t e  t h e  f l a g e l l a t e  i n  a r t i f i c i a l  m edia  

i n  p u r e  c u l t u r e . I n  t h e  work r e p o r t e d  i n  t h i s  s e c t i o n ,  t h e  

deve lopm en t o f  a  m ethod f o r  t h e  a x e n ic  c u l t i v a t i o n  o f  t h e  

t r o p h o z o i t e s  o f  H. i n f l a t a  i n  a  s y n t h e t i c  medium i s  

d e s c r i b e d .

M a t e r i a l s  and  Methods

Source  o f  o rg an ism  ----- G apers  known t o  c o n t a i n  H exam ita

w ere  u s e d .  The m eat o f  t h e  g a p e r  was removed from  t h e  

s h e l l s ,  w ashed i n  s e v e r a l  c h an g es  o f  s t e r i l e  s e a  w a t e r ,  and 

p l a c e d  i n  a  s t e r i l e  p e t r i  p l a t e  t o  a l l o w  d r a i n i n g  o f  th e  

e x c e s s  f l u i d .  The v i s c e r a l  m ass o f  t h e  g a p e r  was s c r a p e d  

w i th  a  s t e r i l e  s c a l p e l  and  t h e  s c r a p i n g s  w ere  u s e d  f o r  

i n o c u l a t i o n .

8
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9

P r e p a r a t i o n  o f  e g g -y o lk  s u s p e n s i o n  One f resJa  egg

y o l k  was hom ogenized  w i th  a n  e q u a l  volum e o f  2 .5 $  NaCl 

s o l u t i o n .  A f t e r  s t r a i n i n g  th r o u g h  a  d o u b le  l a y e r  o f  c h e e s e 

c l o t h  and  c e n t r i f u g i n g  a t  5000 0 f o r  15 m in u te s ,  t h e  homoge- 

n a t e  was a d j u s t e d  t o  pH 7 .5  w i th  no rm al NaOH and f i l t e r -  

s t e r i l i z e d  th ro u g h  a  S e i t z  f i l t e r .

P r e p a r a t i o n  o f  b e e f  serum ------ A 10$ D ifco  d e h y d ra te d

b e e f  serum  was d i s s o l v e d  i n  warm ( c a .  50 C) 2 .5 $  NaCl 

s o l u t i o n ,  c e n t r i f u g e d ,  t h e  pH a d j u s t e d  t o  7 .5  and t h e  

s o l u t i o n  f i l t e r - s t e r i l i z e d  a s  d e s c r i b e d  a b o v e .

M edia — -  The f o l lo w in g  m ed ia  w ere  u s e d :  n u t r i e n t  b r o t h  

( D i f c o ) ;  b r a i n  h e a r t  i n f u s i o n  ( D i f c o ) ; s e m i f l u i d  t h i o g l y -  

e o l l a t e  b r o t h  ( B r i t i s h  Drug H o u se ) ;  T r i c h o s e l  b r o t h  

( B a l t im o r e  B i o l o g i c a l  L a b o r a t o r i e s )  and  H exam ita  i s o l a t i o n  

(H I)  medium (T a b le  l ) . A l l  m ed ia  w ere  p r e p a r e d  i n  f i l t e r e d  

s e a  w a te r  h a v in g  a  s a l i n i t y  o f  25 to  28$*. The b a s a l  medium 

u s e d  i n  t h e  f o r m u la t i o n  o f  HI medium was d i s p e n s e d  i n  8 .5  ml 

q u a n t i t i e s  i n  sc re w -c a p  tu b e s  (16x125 mm) and s t e r i l i z e d  by 

a u t o c l a v i n g  f o r  10 -15  m in u te s  a t  121 0 .  A f t e r  a u t o c l a v i n g ,  

e i t h e r  one ml e g g -y o lk  s u s p e n s io n  o r  one ml 10$ r e c o n s t i t u t e d  

b e e f  serum  was added  to  each  t u b e  a s  w e l l  a s  0 .5  ml o f  

a n t i b i o t i c  s o l u t i o n .  The l a t t e r  was made up t o  c o n t a i n  i n  

eac h  m i l l i l i t r e :  5 0 ,000  u n i t s  K - p e n i c i l l i n  G ( N u t r i t i o n a l  

B io c h e m ic a l  C o r p o r a t i o n ) ; 50 mg d e h y d ro s t re p to m y c in  s u l f a t e  

( N u t r i t i o n a l  B io c h e m ic a l  C o r p o r a t i o n ) ;  and 2 ,0 00  u n i t s  

m y c o s t a t i n  s u s p e n s io n  (S q u ib b  & Sons , C o . ) .  P o r  t h e  

p r e p a r a t i o n  o f  a  H exam ita  m a in te n a n c e  (HM) medium, t h e
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TABLE 1

C o m po sit io n  o f  t h e  I s o l a t i o n  Medium (H i) f o r  

t h e  T ro p h o z o i te s  o f  H. i n f l a t a

B a sa l  Medium

P e p to n e 50 mg

Y e as t  E x t r a c t 10 mg

G lucose 20 mg

C yst e in e  *HC1 2 mg

Agar ' 7 mg

F i l t e r e d  Sea ’Water 
(S=2 5 - 28 ^o ) 8 .5  ml

Components Added a f t e r  S t e r i l i z a t i o n

Egg Yolk S u sp e n s io n

o r  10$  B eef  Serum 1 ml

A n t i b i o t i c  S o lu t io n * 0 .5  ml

pH 7 .5  a d j u s t e d  w i t h  norm al EaOB

* The a n t i b i o t i c  s o l u t i o n  c o n ta in e d  p e r  
m i l l i l i t r e :  5 0 ,0 0 0  u n i t s  K - p e n i c i l l i n  C-, 
50 mg d e h y d ro s t re p to m y c in  s u l f a t e  and  
2 ,0 00  u n i t s  m y c o s t a t i n  s u s p e n s io n .
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TABLE 2

C om po sit io n  o f  A r t i f i c i a l  Sea W ater

JTaCl 22 .0  g

KOI 0 .6  g

CaCl 1 .0  g
2

MgCl2. 6H20 2 .9  g

Wa2S04 0 .7  g

MgSO^ 7H20 2 .0  g

Na KPO, 
2 4

0 .0 1  g

KHoP0 
2 4

0 .0 0 5  g.

NaHCO
2

0 .0 3  g

D i s t i l l e d  W ater 1000 ml
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a n t i b i o t i c  s o l u t i o n  was o m i t t e d ,  and t h e  medium was p r e p a r e d  

i n  an  a r t i f i c i a l  s e a  w a te r  (T a b le  2 ) .

M easurem ent o f  g r o w t h  Growth, was m easu red  by means

o f  c e l l  c o u n ts  u s in g  a  b r i g h t  l i n e  h em o cy to m e te r  ( S p e n c e r -  

ty p e )  .

S t e r i l i t y  t e s t s  ----- S t e r i l i t y  t e s t s  w ere  u se d  to

d e te rm in e  t h e  e x t e n t  o f  m ic r o b ia l  c o n ta m in a t io n .  They 

c o n s i s t e d  o f  : ( l )  a  m ic ro s c o p ic  e x a m in a t io n  and (2 )  i n o c u l a 

t i o n  i n t o  t h i o g l y c o l l a t e  b r o t h  o f  .ca . 0 .5  ml o f  s t o c k  

c u l t u r e  and in c u b a te d  a t  20 C and 50 C.

M a in te n an c e  o f  s t o c k  c u l t u r e s  ------ Once a x e n ic  c u l t u r e s

w ere  e s t a b l i s h e d ,  th e y  w ere  m a in ta in e d  i n  HM medium a t  17 0 ,  

and  t r a n s f e r r e d  e v e ry  10 d a y s .  O n e - te n th  m i l l i l i t r e  o f  

in o cu lu m  was u s e d .

R e s u l t s

At t h e  b e g in n in g  o f  o u r  w ork, s e v e r a l  u n s u c c e s s f u l  

a t t e m p t s  were made to  i s o l a t e  H exam ita  by i n o c u l a t i n g  

m a t e r i a l  from  g a p e r s  i n t o  a  v a r i e t y  o f  t h e  common b a c t e r i o 

l o g i c a l  m ed ia ,  such  a s  n u t r i e n t  b r o t h ,  b r a i n  h e a r t  i n f u s i o n ,  

t h i o g l y c o l l a t e  b r o t h  and  T r i c h o s e l  b r o t h .  Of t h e s e ,  o n ly  

T r i c h o s e l  b r o t h ,  i n c u b a t e d  a t  5 C b u t  n o t  20 C, p e r m i t t e d  

s u r v i v a l  o f  t h e  f l a g e l l a t e  p o p u l a t i o n .  S in c e  i n c u b a t i o n  a t  

5 C p e r m i t t e d  s u r v i v a l ,  t h i s  i n c u b a t i o n  t e m p e r a tu r e  was a t  

f i r s t  u se d  f o r  o u r  c u l t i v a t i o n  a t t e m p t s .  When g a p e r  m eat 

h a r b o u r i n g  t r o p h o z o i t e s  was added  t o  any o f  t h e  above  m edia  

w i th o u t  a d j u s t i n g  pH, d e n se  t r o p h o z o i t e  p o p u l a t i o n s  

c o n ta m in a te d  w i t h  b a c t e r i a  were o b t a i n e d  and  c o u ld  be  m a in -
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t a i n e d  f o r  a b o u t  7 d a y s ,  b u t  s e r i a l  t r a n s f e r s  f a i l e d  to  

p r o p a g a t e  t h e  f l a g e l l a t e .  However, when t h e  s u s p e n s io n s  o f  

H exam ita  w ere  m a in ta in e d  a t  a  pH i n  t h e  a l k a l i n e  r a n g e  ( c a .  

pH 7 . 5 ) ,  d e n s e ,  a c t i v e  t r o p h o z o i t e  p o p u l a t i o n s  w ere  m ain

t a i n e d  f o r  o v e r  5 weeks a t  5 0 .  D e s p i t e  a  l o n g e r  s u r v i v a l ,  

h o w e v e r ,  i t  was im p o s s ib l e  to  p r o p a g a te  t h e  o rg an ism  by 

s e r i a l  t r a n s f e r s .

I n  a t t e m p t in g  to  r e p l a c e  t h e  g a p e r  m eat i n  a  medium 

w hich  would s u p p o r t  t h e  g ro w th  o f  mixed c u l t u r e s  o f  

H e x a m ita , c o n s i d e r a t i o n  was g iv e n  t o  t h e  f a c t  t h a t  t h e  

t r o p h o z o i t e  p o p u l a t i o n  was h i g h e s t  i n  g a p e r s  o r  w i n t e r i n g  

o y s t e r s  u n d e r  c o n d i t i o n s  i n  w hich  t h e  p h o s p h o l ip id  c o n te n t  

was h ig h  (D r in n a n ,  p e r s o n a l  c o m m u n ic a t io n ) . T h e r e f o r e  

i n o c u l a t i o n s  were made i n t o  n u t r i e n t  b r o t h  a d j u s t e d  to  pH 

7 .5  and su p p lem en ted  w i th  e i t h e r  egg y o lk  o r  serum , b o th  o f  

w hich  a r e  known to  c o n t a i n  a p p r e c i a b l e  q u a n t i t i e s  o f  phos

p h o l i p i d .  When i n c u b a t i o n  was c a r r i e d  o u t  a t  5 0 ,  g row th  

was o b t a in e d  b u t  a lw ays i n  accom panim ent w i th  b a c t e r i a .  I f  

t h e  i n i t i a l  b a c t e r i a l  c o n ta m in a t io n  was n o t  g r e a t ,  sub

c u l t u r e s  w ere th e n  p o s s i b l e .

H aving o b ta in e d  an  a g n o t o b i o t i c  c u l t u r e  o f  H e x a m ita , 

a t t e m p t s  t o  a x e n iz e  i t  u s i n g  a n t i b i o t i c s  w ere  made, b u t  a t  

f i r s t  w i th o u t  s u c c e s s .  I t  a p p e a re d  t h a t  t h e  f l a g e l l a t e  

r e q u i r e d  t h e  p r e s e n c e  o f  o t h e r  m ic ro o rg a n ism s  f o r  g ro w th .

Thus when p e n i c i l l i n  (100  u n i t s / m l )  and s t r e p to m y c in  

(50  ;ug/m l) w ere  i n c o r p o r a t e d  i n t o  n u t r i e n t  b r o t h  s u p p le 

m en ted  w i th  egg y o lk  o r  se rum , m onoxenic c u l t u r e s  o f
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H exam ita  c o n ta m in a te d  with, p in k  y e a s t  w ere  o b t a in e d  a f t e r  

s e v e r a l  s u b c u l t u r e s .  I t  was c o n s i s t e n t l y  o b s e rv e d ,  how ever, 

t h a t  c o n s i d e r a b le  g ro w th  o f  t h e  y e a s t  a lw ay s  p re c e d e d  

developm ent o f  t h e  p r o to z o a n  e x c e p t  when c u l t i v a t i o n  was 

c a r r i e d  o u t  i n  T r i c h o s e l  b r o t h .  T r i c h o s e l  b r o t h ,  a  medium 

d e s ig n e d  to  f u r n i s h  p a r t i a l l y  a n a e r o b ic  o r  r e d u c in g  

c o n d i t i o n s  f o r  g row th  o f  T richom onas s p .  c o n t a in s  two 

i n g r e d i e n t s ,  c y s t e i n e  and a  low c o n c e n t r a t i o n  o f  a g a r ,  

l a c k i n g  i n  t h e  o t h e r  m ed ia  t e s t e d .  A new medium, HI medium, 

was t h e r e f o r e  d e v is e d  w hich  c o n ta in e d  t h e s e  i n g r e d i e n t s .

U sing  HI medium (T a b le  l )  i t  was t h e n  p o s s i b l e  t o  

o b t a i n  a x e n ic  c u l t u r e s  o f  H e x am ita . -v When HI medium was 

i n o c u l a t e d  w i th  g a p e r  s c r a p in g s  c o n t a i n i n g  t r o p h o z o i t e s  and 

in c u b a te d  a t  5 C, a x e n ic  c u l t u r e s  o f  t h e  o rg an ism  w ere 

e s t a b l i s h e d  a f t e r  s e r i a l  t r a n s f e r s  a t  5 -d a y  i n t e r v a l s .  One- 

h a l f  m i l l i l i t r e  o f  t h e  c u l t u r e  t a k e n  from  t h e  lo w e r  p o r t i o n  

o f  t h e  tu b e  was u se d  f o r  in o cu lu m . S i m i l a r l y ,  a x e n ic  

c u l t u r e s  o f  t h e  o rg an ism  c o u ld  be o b t a in e d  w i t h i n  a  s h o r t e r  

t im e  i f  an  i n c u b a t i o n  t e m p e r a tu r e  o f  15 -2 0  C was u s e d .  I n  

t h i s  c a s e ,  s e r i a l  t r a n s f e r s  w ere  made w i th  0 .1  ml o f  

i n o c u l a  a t  2 t o  5 -  day i n t e r v a l s .  Once an  a x e n ic  c u l t u r e  

was o b t a i n e d ,  s t o c k  c u l t u r e s  o f  H exam ita  w ere m a in ta in e d  i n  

HM medium a t  15 -18  C and  s u b c u l t u r e s  a t  1 0 -d a y  i n t e r v a l s ,  o r  

a t  5-week i n t e r v a l s  i f  i n c u b a te d  a t  5 C. O n e - te n th  m i l l i 

l i t r e  was u se d  f o r  i n o c u l a t i o n .

I n  o r d e r  t o  c o r r e c t  f o r  any  p o s s i b l e  v a r i a t i o n  i n  

s a l i n i t y  and c o m p o s i t io n  o f  s e a  w a t e r ,  a r t i f i c i a l  s e a  w a te r
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b a s e d  on t h e  c o m p o s i t io n  o f  a  p h y s i o l o g i c a l  s a l i n e  f o r

o y s t e r s  ( O t i s ,  1942) was u se d  i n  t h e  m a in te n a n c e  medium.

Seven o u t  o f  e ig h t  t r i a l s  to  i s o l a t e  t h e  o rg an ism  from

g a p e r s  gave p o s i t i v e  a x e n i c  c u l t u r e s  a f t e r  f i v e  s e r i a l

t r a n s f e r s  i n  t h e  i s o l a t i o n  medium. The e a s e  o f  o b t a i n i n g

a x e n ic  c u l t u r e  was fo u n d  t o  depend on t h e  g a p e r s  u s e d ;  t h o s e

w hich  w ere  h e a v i l y  i n f e c t e d  by many o t h e r  m ic ro o rg a n is m s ,

su c h  a s  f u n g i  and  p r o t o z o a ,  w ere p o o r  s o u r c e s  o f  i n o c u l a .

Growth i n  medium c o n t a i n i n g  serum was q u i t e  co m parab le

t o  t h a t  su p p le m e n te d  w i th  t h e  egg y o l k .  I n  e i t h e r  c a s e ,
£

a b o u t  10 t r o p h o z o i t e s  p e r  m i l l i l i t r e  w ere o b t a i n e d  a f t e r  

i n c u b a t i o n  a t  5 C f o r  15 days  o r  17 ,C f o r  5 d a y s .
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S e c tio n  2

The M orphology o f  H exam ita

I n t r o d u c t i o n

As i n d i c a t e d  p r e v i o u s l y  ( p .  l ) , o n ly  two a u t h o r s ,

C e r t e s  (1882) and  l a i r d  (1 9 6 1 ) ,  h av e  i d e n t i f i e d  H. i n f l a t a  

a s  t h e  s p e c i e s  i n v o lv e d  i n  o y s t e r s .  The l a t t e r  a u th o r  "based 

h i s  c o n c lu s io n s  on t h e  o b s e r v a t i o n s  t h a t  ( l )  t h e  d im e n s io n s  

o f  t h e  t r o p h o z o i t e s  o v e r l a p p e d  t h o s e  o f  H. n o d u lo s a  ( t h e  

ty p e  s p e c i e s )  and  H. i n f l a t a  a s  o r i g i n a l l y  d e s c r i b e d  by 

D u ja r d in ;  and  (2 )  t h e  plump and p o s t e r i o r l y  t r u n c a t e  

a p p e a ra n c e  o f  t h e  t r o p h o z o i t e s  c o r r e s p o n d e d  c l o s e l y  t o  t h a t  

o f  H. i n f l a t a . Though we had  t e n t a t i v e l y  i d e n t i f i e d  o u r  

o rg a n ism  a s  H. i n f l a t a ,  i n  t h e  a b se n c e  o f  m ore d e f i n i t i v e  

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

i t  was n o t  p o s s i b l e  t o  make a n  u n e q u iv o c a l  i d e n t i f i c a t i o n .  

Nor was i t  p o s s i b l e  t o  d e te rm in e  from t h e  l i t e r a t u r e  t h e  

i d e n t i t y  o f  t h e  o t h e r  s p e c i e s  o f  H exam ita  w hich  hav e  b een  

d e s c r i b e d  i n  o y s t e r s .

Much o f  t h e  d i f f i c u l t y  i s  a t t r i b u t a b l e  t o  t h e  g e n e r a l l y  

in a d e q u a te  d e s c r i p t i o n s  g iv e n  by  t h e  v a r i o u s  a u t h o r s .  T here 

f o r e  i t  seemed a p p r o p r i a t e  t o  i n c l u d e  some m o rp h o lo g ic a l  

o b s e r v a t i o n s  made d u r in g  t h e  c o u r s e  o f  o u r  s t u d i e s .  T hese  

a r e  d e s c r i b e d  h e r e  i n  t h e  hope  t h a t  t h e y  w i l l  add to  t h e  

number o f  u s a b l e  c r i t e r i a  in v o lv e d  i n  s p e c i e s  i d e n t i f i c a 

t i o n .

16
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M a t e r i a l s  and M ethods

P o u r - d a y - o ld  a x e n ic  c u l t u r e s  o f  t h e  t r o p h o z o i t e s  o f  

H. i n f l a t a  o r i g i n a l l y  i s o l a t e d  from  an  o y s t e r  g a p e r ,  C r. 

v i r g i n i c a , from B id e f o r d  K iv e r ,  P r i n c e  Edward I s l a n d ,  i n  

A p r i l  1961 w ere u s e d .  The c u l t u r e s  w ere  m a in t a in e d  i n  HM 

medium and i n c u b a te d  a t  17 C a s  d e s c r i b e d  above  ( S e c t i o n  1 ) .  

M ic ro sc o p ic  s t u d i e s  o f  t h e  t r o p h o z o i t e s  w ere  c a r r i e d  o u t  by 

b r i g h t  f i e l d  and p h a s e  c o n t r a s t .  P o r  some b r i g h t  f i e l d  

s t u d i e s ,  W right and  McNeal s t a i n s  (G ra y ,  1954) w ere  u sed  on 

t h i n  s m e a rs .  When t h e  F e u lg en  r e a c t i o n  (Kudo, 1946) was 

u s e d  t o  s t a i n  t h e  n u c l e a r  s t r u c t u r e s ,  t h e  a i r - d r i e d  smear 

was h y d r o ly s e d  i n  IN HC1 f o r  5 m in uses  a t  20 C, fo l lo w e d  by 

5 m in u te s  t r e a tm e n t  a t  60 C and 20 C. F l a g e l l a r  a r r a n g e 

m ent was o b se rv e d  by  i o d i n e  - v a p o u r  f i x a t i o n  o f  w et sm ears 

f o l lo w e d  by t h e  p r o t e i n  s t a i n  a s  d e s c r i b e d  by M az ia ,  B rew er, 

and  A l f e r t  ( 1 9 5 3 ) .  A l l  s l i d e s  w ere  m ounted  i n  perm ount o r  

n e u t r a l  b a lsam  f o l lo w in g  a  s e r i e s  o f  a l c o h o l  d e h y d r a t io n s  

and  a  x y le n e  r i n s e .

M o rp h o lo g ic a l  D e s c r i p t i o n

F ig u r e  1 shows a  sc h e m a tic  d raw ing  o f  a  t r o p h o z o i t e  o f  

H. i n f l a t a .

The t r o p h o z o i t e s  o f  H. i n f l a t a  u n d e r  s t a n d a r d  c u l t u r e  

c o n d i t i o n s  i n  HM medium a t  17 C ra n g e d  i n  s i z e  from  8-18  p. 

( a v e r a g e  16 ju) i n  l e n g t h  by 6 -12  ju ( a v e r a g e  8 jj.) i n  w id th .  

The b i l a t e r a l l y  s y m m e tr ic a l  body o f  each  t r o p h o z o i t e  was 

o v a l  t o  p y r i fo rm  w i th  a  s l i g h t l y  p o i n t e d  a n t e r i o r ,  and a  

s l i g h t l y  b lu n te d  o r  t r u n c a t e  p o s t e r i o r  en d .  The two ov o id

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FIGURE I A SCHEMATIC DRAWING OF A TROPHOZOITE 

OF H. INFLATA

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



19

o r  s p h e r o id  n u c l e i  (2 -3  M "by 1 - 2  ju) w ere  l o c a t e d  a n t e r i o r l y ;  

each  c o n ta in e d  two l a r g e  endosom es. T h ree  p a i r s  o f  a n t e r i o r  

f l a g e l l a  w ere  i n s e r t e d  a  s h o r t  d i s t a n c e  b e h in d  t h e  a n t e r i o r  

end . They a p p e a re d  to  e n t e r  t h e  n u c l e i  and  c o n n e c t  t o  two 

a x o s t y l e s  w h ich  r a n  l o n g i t u d i n a l l y  a lo n g  t h e  b o d y . The t h i n  

a x o s t y l e s  t e r m i n a t e d  i n  two t r a i l i n g  f l a g e l l a  w hich  w ere c a . 

38 lo n g  o r  a b o u t  tw ic e  a s  lo n g  a s  t h e  c e l l .  I n  some 

p r e p a r a t i o n s ,  num erous g r a n u l e s  w h ich  s t a i n e d  s u p r a - v i t a l l y
- 3

w i th  10 M J a n u s  g r e e n  B and  w hich  a p p e a re d  r e d  o r  p u r p l e  

when s t a i n e d  w i th  W righ t and  McNeal s t a i n s ,  w ere  s c a t t e r e d  

th ro u g h o u t  t h e  c y to p la s m .  I n  a d d i t i o n  to  t h e s e ,  w i t h i n  t h e  

c y to p la s m  t h e r e  w ere  1 -3  v a c u o le s  w hich  o f t e n  c o n ta in e d  

i n c l u s i o n  b o d i e s .

The f l a g e l l a t e ,  u n d e r  c e r t a i n  c o n d i t i o n s  w hich  a r e  y e t  

n o t  u n d e r s to o d ,  f r e q u e n t l y  assum ed a  s p h e r i c a l  fo rm , 9 -18  ju 

i n  d i a m e t e r ,  w i th  o r  w i th o u t  t h e  f u l l  complem ent o f  f l a g e l l a  

( F ig u r e  2 ) .  I n  t h e s e ,  num erous g r a n u l e s  and  one t o  t h r e e  

l a r g e  v a c u o le s  w ere  o c c a s i o n a l l y  o b s e r v e d .  T hese  s p h e r i c a l  

fo rm s w ere  n o n - m o t i l e ,  a l th o u g h  t h e r e  .was some f l a g e l l a r  

movement. The l o s s  o f  t h e  f l a g e l l a  was g e n e r a l l y  f o l lo w e d  

by l y s i s .  When t h i s  o c c u r r e d ,  o n ly  empty s p h e r e s  r e m a in e d .  

These  s p h e r i c a l  c e l l s  o f  H. i n f l a t a  w ere  p a r t i c u l a r l y  

common i n  sm ears  t a k e n  from  g a p e r s  d u r in g  t h e  w i n t e r .

M u l t i p l i c a t i o n  o f  H exam ita  was by l o n g i t u d i n a l  b i n a r y  

f i s s i o n  o n l y .  No c y s t  f o r m a t io n  was e v e r  o b s e rv e d  even 

u n d e r  a  v a r i e t y  o f  c o n d i t i o n s  o f  t e m p e r a t u r e ,  pH, re d o x  

p o t e n t i a l  and  s a l i n i t y .
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S e c tio n  3

E f f e c t  o f  P h y s i c a l  F a c to r s  on Growth

I n t r o d u c t i o n

The i s o l a t i o n  o f  H. i n f l a t a  i n  a x e n ic  c u l t u r e s  o f f e r e d  

an  o p p o r t u n i t y  t o  s tu d y  i t s  g ro w th  c h a r a c t e r i s t i c s  u n d e r  t h e  

i n f l u e n c e  o f  t e m p e r a tu r e ,  pH, re d o x  p o t e n t i a l  and s a l i n i t y .  

Such a  s tu d y  was u n d e r ta k e n  w i th  t h e  e x p e c t a t i o n  t h a t  i t  

w ould  p r o v id e  d a t a  c o n c e rn in g  t h e  p h y s i c a l  r e q u i r e m e n ts  

n e c e s s a r y  f o r  a r t i f i c i a l  c u l t u r e ,  and  th e  e f f e c t s  o f  t h e s e  

f a c t o r s  on m orph o log y , a s  w e l l  a s  some c l u e s  a b o u t  t h e  

c o n d i t i o n s  p e r m i t t i n g  t h e  l u x u r i a n t  p o p u l a t i o n  g row th  

c h a r a c t e r i s t i c a l l y  fo u n d  i n  d y in g  o r  dead o y s t e r s .

M a t e r i a l s  and Methods

S ource  o f  o rg an ism  ----- T r o p h o z o i te s  o f  H. i n f l a t a  were

i s o l a t e d  i n  a x e n ic  c u l t u r e s  from  a  g a p e r  f i s h e d  i n  B id e fo rd  

H iv e r ,  P r i n c e  Edward I s l a n d ,  i n  Septem ber 1962 , k e p t  i n  a  

b o t t l e  and  m a i le d  by a i r  to  W in dso r .  M ethods f o r  i s o l a t i o n ,  

e t c . ,  can  be found  i n  s e c t i o n  q .

Media ----- HM medium w i th  a g a r  o m i t te d  and  su pp lem en ted

w i th  b e e f  serum was u se d  f o r  a l l  t h e  s t u d i e s  i n  t h i s  s e c t i o n .  

The medium was d i s p e n s e d  i n  sc rew -ca p  t u b e s  (16x125 mm) i n  

10 ml am o u n ts .  F o r t e s t i n g  t h e  e f f e c t  o f  r e d u c in g  a g e n t s ,  

t h e  above  b a s a l  medium w i th  c y s t e i n e  o m i t t e d  was u s e d .

Normal s o l u t i o h s o f  HOI o r  NaOH were u se d  when n e c e s s a r y ,  to  

a d j u s t  t h e  pH o f  t h e  medium b e f o r e  a u t o c l a v i n g .  F i l t e r e d
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and  a g ed  s e a  w a te r  (S=28$«) c o l l e c t e d  from  t h e  B id e f o r d  

R i v e r ,  P . E . I . ,  i n  I 9 6 0 , was u se d  f o r  v a r y in g  t h e  s a l i n i t y  o f  

t h e  medium. The s a l i n i t y  f o r  t h e  d i l u t e d  s e a  w a te r  was 

c a l c u l a t e d  from  i t s  s p e c i f i c  g r a v i t y  By means o f  a  h y d ro -  

g r a p h i c  t a b l e  (K hudson, 1 9 0 1 ) .

I n o c u l a t i o n  and i n c u b a t i o n  ----- 0 .0 5  ml o f  a  5 - d a y - o ld

a x e n ic  c u l t u r e  o f  t h e  o rgan ism  a t  17 C i n  HM medium w i th  1$ 

b e e f  serum  was u se d  f o r  in o c u lu m . A l l  c u l t u r e s  w ere  

i n c u b a t e d  a t  17 C, e x c e p t  when t e m p e r a tu r e  was t e s t e d  a s  a  

v a r i a b l e .  A n a e ro b ic  c u l t u r e s  w ere  i n c u b a t e d  i n  a  Brew er 

a n a e r o b ic  j a r ,  e v a c u a te d  and f l u s h e d  t h r e e  t im e s  w i t h  p r e 

p u r i f i e d  n i t r o g e n  (M atheson o f  C anada , L t d . ) .

M easurem ent o f  g row th    Growth was m easu red  by means

o f  c e l l  c o u n ts  o b t a in e d  th ro u g h  t h e  u s e  o f  a  b r i g h t  l i n e  

hem o cy to m e te r  ( S p e n c e r - t y p e ) . R e s u l t s  w ere  e x p re s s e d  a s  

a v e r a g e s  .of c o u n ts  from  d u p l i c a t e  s a m p le s .

R e s u l t s

E f f e c t  o f  t e m p e r a tu r e  ----- T y p ic a l  r e s u l t s  o f  t h e

t e m p e r a tu r e  e x p e r im e n ts  a r e  p r e s e n t e d  i n  T a b le  5 .  Maximum 

t e m p e r a tu r e  f o r  g ro w th  was a b o u t  25 C, and  no f u r t h e r  

g ro w th  was r e c o r d e d  a f t e r  5 d a y s .  Growth was q u i t e  r a p i d  a t  

a b o u t  21 C, b u t  t h e  maximum y i e l d s  a t  21 C and 1 6 .5  C were 

co m p arab le  a f t e r  5 and 6 days o f  i n c u b a t i o n ,  r e s p e c t i v e l y .

On t h e  o t h e r  h a n d ,  t h e  grow th  a t  5 C and  even lo w e r  

t e m p e r a tu r e  (ab o v e  0 C) was s low  and  o c c u r r e d  o n ly  a f t e r  a  

l a g  o f  a b o u t  2 w eeks . But once t h i s  l a g  was overcom e, 

g ro w th  o c c u r r e d  u n t i l  a  y i e l d  o f  a b o u t  9x10 t r o p h o z o i t e s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE 3
E f f e c t  o f  I n c u b a t i o n  T e m p e ra tu re  on Growth, o f  i n f l a t a  

i n  HM Medium, pH 7 .5

T e m p e ra tu re Humber o f  T r o p h o z o i te s /m l  X10**

3 Days 5 Days

5 .0  + 1 .0  C 1 .5 * 5 .5 *

1 6 .5  + 1 .5  0 4 .8 8 .8

2 1 .0  + 1 .0  C 8 .7 1 0 .2

2 5 .0  + 0 .5  C 4 .0 5 .5

2 7 .0  + 0 .5  C 0

* D a ta  t a h e n  from  c u l t u r e s  * p re v io u s ly  i n c u b a te d
a t  5 C.

TABLE 4

E f f e c t  o f  R educ ing  A gen ts  an d  A n a e ro b ic  C o n d i t io n  on 

Growth o f  H. i n f l a t a  i n  B a s a l  Medium, pH 7 . 5 ,  17 C f o r  

5 Days

A d d i t i o n  t o  B a s a l  Medium Humber o f  T r o p h o z o i te s /m l

Hone 1 .8  x  1 0 5

C y s t e in e ,  0 .0 2 $ 9 .8  x  105

T h i o g l y c o l l a t e , 0 .0 3 $ 8 .2  x  1 0 5

H a - s u l f o x y l a t e , 0 .0 2 $ 6 .5  x  1 0 5

Hone* 8 . 8  x  1 0 5

C y s t e in e ,  0 .0 2 $ * 9 .5  x  1 0 5

* I n c u b a te d  i n  B rew er a n a e r o b ic  j a r .
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p e r  m i l l i l i t r e  was o b t a i n e d .  T h is  r e q u i r e d  15 d a y s .

E f f e c t  o f  reduc ing :  a g e n t s  The r e s u l t s  o b t a i n e d

th ro u g h  t h e  u s e  o f  v a r i o u s  r e d u c in g  a g e n t s  a r e  p r e s e n t e d  i n  

T ab le  4 .  E q u iv a le n t  c o n c e n t r a t i o n s  o f  c y s t e i n e ,  t h i o g l y c o l -  

l a t e  and s u l f o x y l a t e  y i e l d e d  a p p ro x im a te ly  t h e  same amount 

o f  g row th  a s  o b t a in e d  u n d e r  a n a e ro b ic  c o n d i t i o n s .  I n  t h e  

a b se n c e  o f  a  r e d u c in g  a g e n t ,  s p h e r i c a l  fo rm s o f  H exam ita 

w ere  num erous .

E f f e c t  o f  pH ----- The r e s u l t  o f  e x p e r im e n ts  to  d e te rm in e

t h e  e f f e c t  o f  h y d ro g e n - io n  c o n c e n t r a t i o n  on g row th  i s  

sum m arized i n  F ig u r e  5 .  The maximum t r o p h o z o i t e  c o n c e n t r a 

t i o n  was o b ta in e d  a t  pH 7 . 0 - 8 . 0 ,  a l th o u g h  t h e  o rg an ism  was 

c a p a b le  o f  grow ing  be tw een  pH 4 .5  and  pH 8 . 5 .  T e s t s  were 

n o t  made a t  h y d r o g e n - io n  c o n c e n t r a t i o n s  h i g h e r  t h a n  pH 8 . 5 .  

A g a in ,  i t  was a l s o  n o te d  t h a t  u n d e r  a c i d i c  c o n d i t i o n s  ( c a .  

pH 4 . 5 ) ,  t h e  s p h e r i c a l  fo rm s o f  H exam ita  were num erous.

E f f e c t  o f  s a l i n i t y  ----- I t  was fo u n d  t h a t  t h e  t r o p h o 

z o i t e s  o f  H. i n f l a t a  were a b l e  t o  grow t o  some e x te n t  a t  

a l l  s a l i n i t y  v a lu e s  be tw een  y/°0 to  2Qfo0 ( F ig u r e  4 ) .  There  

w as, how ever ,  a  s h a rp  d e c r e a s e  i n  t h e  amount o f  g row th  

o b t a in e d  a t  s a l i n i t y  lo w e r  t h a n  20^0 . T e s t s  w ere n o t  made 

a t  s a l i n i t y  above 28f°0 . Y a c u o la t io n  was o b se rv e d  f o r  

t r o p h o z o i t e s  grown i n  m edia  o f  low  s a l i n i t y  (3 -1 5 $ o ) .
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S e c t io n  4

The N u t r i t i o n a l  S tu d ie s

I n t r o d u c t i o n

H aving  o b t a i n e d  H exam ita  i n  a x e n ic  c u l t u r e ,  i t  was 

t h e n  p o s s i b l e  t o  c a r r y  o u t  s t u d i e s  a im ed  t o  a  more d e f i n i 

t i v e  a n a l y s i s  o f  t h e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  t h e  

o rg a n ism  t h a n  h a d  been  p r e v i o u s l y  a t t e m p t e d .  I t  was hoped  

t h a t  t h e s e  w ould o f f e r  some i n s i g h t  i n t o  t h e  m e ta b o l ism  o f  

H exam ita  a s  w e l l  a s  p e rm i t  t h e  s y n t h e s i s  o f  a  s im p le ,  more 

c h e m ic a l ly  d e f i n e d  medium f o r  u se  i n  f u r t h e r  s t u d i e s .  T h is  

s e c t i o n  d e s c r i b e s  t h e  r e s u l t  o f  t h i s  w ork.

M a t e r i a l s  and M ethods

S ou rce  o f  o rg a n ism  ------ A xenic  c u l t u r e s  o f  H. i n f l a t a

o b t a i n e d  p r e v i o u s l y  ( S e c t i o n  3) w ere  u s e d .

C hem ica ls  and  s o l u t i o n s  ------ A l l  c h e m ic a l s ,  u n l e s s  o t h e r 

w ise  s p e c i f i e d ,  w ere  o f  r e a g e n t  g r a d e .  Egg l e c i t h i n  

( N u t r i t i o n a l  B io c h e m ic a l  C o rp .)  was d i s s o l v e d  i n  95^ e th a n o l  

a t  a  c o n c e n t r a t i o n  o f  50 mg/ml f o r  u s e  i n  e x p e r im e n t s .

O l e i c ,  l i n o l e i c  and l i n o l e n i c  a c i d s  w ere  p u rc h a s e d  from  

Mann R e s e a rc h  l a b o r a t o r i e s ,  and s t e a r i c  a c i d  from  F i s h e r  

S c i e n t i f i c  Company. A s t a b l e  f a t t y  a c i d  s u s p e n s io n  o f  each  

o f  t h e s e  a c i d s  was p r e p a r e d  a s  d e s c r i b e d  by M i l l e r  and 

Jo h n s o n  ( I 9 6 0 ) .  1-Amino a c i d s  were p u rc h a s e d  from  Mann 

R e s e a r c h  l a b o r a t o r i e s .  An amino a c i d  s o l u t i o n  (19A)

(Seam an, 1963) c o n t a i n i n g  19 amino a c i d s ,  and  a n o t h e r  (13A)
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c o n t a i n i n g  13 amino a c i d s  (T a b le  5) w ere  u s e d .  A m ix tu r e  o f  

p u r i n e s  and p y r im id in e s  (Seaman, 1963) and a  t r a c e  m e ta l  

mix ( V i s n i a c ,  1961) w ere a l s o  u se d  i n  some e x p e r im e n ts .

Tween 80 was a  p ro d u c t  o f  t h e  A t l a s  Powder Company.

Media u se d  ----- The b a s a l  medium (T ab le  6) u se d  was a

m o d if ie d  HM medium, i n  w hich  y e a s t  e x t r a c t  was r e p l a c e d  by 

a  v i t a m in  s o l u t i o n  (T a b le  7 ) .  The l a t t e r  was p r e p a r e d  i n  a  

100X c o n c e n t r a t i o n  and f i l t e r - s t e r i l i z e d  by means o f  a  

s i n t e r e d  g l a s s  f i l t e r  (UP g r a d e ) .  O n e - te n th  m i l l i l i t r e  o f  

t h e  v i t a m in  s o l u t i o n  was added  to  10 ml a u to c la v e d  and 

c o o le d  medium. A medium d e s ig n a te d  a s  HP ( T a b le  8) was u se d  

f o r  amino a c i d  e x p e r im e n ts .  The medium was d i s p e n s e d  i n  10 

ml am ounts i n  sc re w -c a p  tu b e s  (16x125 mm) and  a u to c la v e d  a t  

121 C f o r  10-15  m in u te s .

P r a c t i o n a t i o n  .of egg y o l k  The egg y o lk s  from  s u p e r 

m ark e t  "g ra d e  A" eggs were e x t r a c t e d  w i th  e t h e r  a t  6 C f o r  

24 h o u r s .  The e t h e r - i n s o l u b l e  f r a c t i o n  was d r i e d  a t  50 C 

o v e r n i g h t .  The e t h e r - s o l u b l e  f r a c t i o n  was d iv id e d  i n t o  

e q u a l  p o r t i o n s  a s  f o l lo w s :  (1 )  One p o r t i o n  was i n j e c t e d  i n t o  

an  e q u a l  volume o f  c o ld  a c e to n e  t o  o b t a i n  t h e  l e c i t h i n  

c o n t a i n i n g  p r e c i p i t a t e .  T h is  was c o l l e c t e d  by  c e n t r i f u g a t i o n  

and d r i e d  a t  30 C f o r  6 h o u r s .  The s u p e r n a t a n t  was evapo

r a t e d  t o  d ry n e s s  a t  45 C i n  a  Spinco e v a p o r a t o r .  (2 )  The 

o t h e r  p o r t i o n  o f  t h e  e t h e r - s o l u b l e  f r a c t i o n  was e v a p o ra te d  

to  d ry n e s s  i n  a  Sp inco  e v a p o r a t o r .  A volume o f  s t e r i l e  

a r t i f i c i a l  s e a  w a te r ,  a d j u s t e d  t o  pH 7 . 5 ,  e q u a l  t o  tv / ic e  t h e  

volume o f  t h e  egg y o lk s  u sed , was added  to  each  f r a c t i o n .
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TABLE 5

C o m p o sit io n  o f  a  10X S o l u t i o n  o f  13 Amino A c ids  (13A) 

p r e s e n t  a t  t h e  E q u iv a le n t  o f  0 .5 ^  B acto  P ep to n e

1 -  A r g in in e 400 mg

L- A s p a r t i c  A cid 300 mg

L- G lu tam ic  A c id 550 mg

G ly c in e 1150 mg

L- H i s t i d i n e 50 mg

L- I s o l e u c i n e 100 mg

L- L y s in e 225 mg

L- M e th io n in e 50 mg

L- P h e n y la l a n in e 100 mg

L- T h re o n in e 75 mg

L- T y ro s in e 50 mg

D i s t i l l e d  W ater 100 ml

pK 7-5  a d j u s t e d  w i th  n o rm al I-IaOH
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TABLE 6

C om posotion  o f  B a s a l  Medium (EM) u s e d  f o r  

N u t r i t i o n a l  S tu d ie s  o f  H. i n f l a t a

P e p to n e 500 mg

G lucose 200 mg

C y s te in e  <HC1 20 mg

V itam in  S o lu t io n 1 ml

A r t i f i c i a l  Sea W ater 99 ml

pH 7 .5  a d j u s t e d  w i th  n o rm al NaOK

TABLE 7 ■

C o m p o s it io n  o f  a  100X V ita m in  S o l u t i o n  ( a f t e r  

McCurdy, 1963>)

T hiam ine 5 mg

R i b o f l a v i n 35 mg

P y r id o x a l .H C l 3 .5 mg

Ca- P a n t o th e n a t e 10 mg

N i c o t i n i c  A cid 3 .5 mg

B i o t i n 0 .0 3 mg

V itam in  B ^ 0 .0 3 mg

p -  A m inobenzoic  A c id 0 .2 5 mg

I n o s i t o l 500 mg

C h o lin e 20 mg

P o l i c  A c id 0 .0 5 mg

D i s t i l l e d  W ater 100 ml

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE 8

C o m p o sit io n  o f  HE Medium u s e d  f o r  Amino A cid  

E x p e r im e n ts

\

G luco se 200 mg

C yste in e« IIC l 20 mg

L i n o l e i c  A cid 4 mg

V itam in  S o l u t i o n 1 ml

A r t i f i c i a l  Sea W ater 99 ml

pH 7 .5  a d j u s t e d  w i th  n o rm al HaOH

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The m ix tu r e  was v i g o r o u s l y  shaken  u n t i l  a  u n i fo rm  s u s p e n s io n  

was o b t a i n e d .  One m i l l i l i t r e  o f  each  o f  t h e  s u s p e n s io n s  

was u se d  f o r  e v e ry  9 ml o f  s t e r i l e  b a s a l  medium. As a  p r e 

c a u t i o n  a g a i n s t  p o s s i b l e  c o n ta m in a t io n ,  a s e p t i c  t e c h n iq u e  

was u s e d  th ro u g h o u t  t h e s e  o p e r a t i o n s .

M easurement o f  g row th  -----  I n  o r d e r  t o  o b t a i n  an

e s t i m a t e  o f  g ro w th ,  each  c u l t u r e  was sam pled  w i th  a  s t e r i l e  

p a s t e u r  p i p e t t e  from  w hich  one drop  was c a r e f u l l y  d e p o s i t e d  

on a  s l i d e .  A c o v e r  g l a s s  ( #  l )  was a p p l i e d  to  t h e  d ro p  and 

t h e  sam ple  o b se rv e d  u n d e r  a  m a g n i f i c a t i o n  o f  400X. C e l l  

c o u n ts  w ere  made from  f i v e  random f i e l d s .  O v e r a l l  

e x a m in a t io n s  o f  s l i d e s  g e n e r a l l y  showed a  f a i r l y  homo

geneous d i s t r i b u t i o n  o f  t r o p h o z o i t e s  i n  each  p r e p a r a t i o n .

The r e s u l t s  w ere s c o re d  a s  0 ,  1+, 2+ and  3+ c o r r e s p o n d in g  to  

0 ,  1 - 1 5 ,  16-25  and >26 t r o p h o z o i t e s  p e r  f i e l d  r e s p e c t i v e l y .  

F o r  more a c c u r a t e  d e t e r m i n a t i o n  o f  t r o p h o z o i t e  num ber, a  

b r i g h t  l i n e  hem ocy tom ete r  ( S p e n c e r - ty p e )  was u s e d .

A ssay  p ro c e d u r e s  ----- The medium was i n o c u l a t e d  w i th

0 .1  ml o f  5 - d a y - o ld  c u l t u r e  o f  t h e  o rg an ism  i n  HM medium 

c o n t a i n i n g  e g g -y o lk  s u s p e n s io n ,  and th e n  in c u b a te d  a t  17 C. 

At w eek ly  i n t e r v a l s ,  t r a n s f e r s  were made o f  t h e  c u l t u r e s  

c a r r i e d  on m edia  c o n ta in i n g  t h e  v a r i o u s  s u p p le m e n ts .  A 

su p p le m e n t  was c o n s id e r e d  a c t i v e  i f  i t  s u p p o r te d  g ro w th  

th r o u g h  5 such  t r a n s f e r s .  F o r  each  t r a n s f e r s ,  0 .1  ml o f  

in o cu lu m  was u s e d .

R e s u l t s

Developm ent o f  a  b a s a l  medium ----- For t h e  s tu d y  o f
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g ro w th  f a c t o r s ,  a  l e s s  com plex medium th a n  EM was d e s i r e d .

Of t h e  com ponents p r e s e n t  i n  EM medium, y e a s t  e x t r a c t  was 

c o n c lu d e d  to  he n o n - e s s e n t i a l  f o r  t h e  g row th  o f  H. i n f l a t a , 

on t h e  h a s i s  t h a t  i t s  o m is s io n  from  t h e  medium d id  n o t  

a f f e c t  t h e  y i e l d s  o b t a i n e d  even a f t e r  s e v e r a l  s e r i a l  t r a n s 

f e r s .  However, v i t a m i n  s o l u t i o n  was added  i n  i t s  p l a c e  i n  

o r d e r  a s  much a s  p o s s i b l e ,  t o  r u l e  o u t  v i t a m in  d e f i c i e n c y  a s  

t h e  c a u se  o f  any  a l t e r a t i o n  o f  g ro w th ,  a s  r e s u l t i n g  from  t h e  

o m is s io n  o r  r e p la c e m e n t  o f  o t h e r  i n g r e d i e n t s .

R ep lacem en t o f  egg y o lk  ----- The o m is s io n  o f  e g g -y o lk

s u s p e n s io n  from  t h e  medium c o m p le te ly  i n h i b i t e d  g ro w th  a s  

shown i n  T a b le  9* I n  an  a t t e m p t  t o  'd e te rm in e  t h e  n a t u r e  o f  

t h e  g ro w th  p ro m o tin g  component o r  co m ponen ts , t h e  egg y o lk  

was f r a c t i o n a t e d  w i th  e t h e r .  I t  was fo u n d  t h a t  o n ly  t h e  

e t h e r - s o l u b l e  f r a c t i o n  c o n ta in e d  th e  s u b s ta n c e  o r  s u b s ta n c e s  

n e c e s s a r y  f o r  g ro w th .  When t h i s  e t h e r - s o l u b l e  p o r t i o n  was 

f u r t h e r  f r a c t i o n a t e d  w i th  a c e to n e ,  o n ly  t h e  a c e to n e  p r e c i -  

p i t a b l e  f r a c t i o n ,  w h ich  p re su m a b ly  c o n ta in e d  l e c i t h i n ,  

s u p p o r te d  l i m i t e d  g ro w th .  However, b o th  t h e  a c e t o n e - s o l u b l e  

and  a c e t o n e - i n s o l u b l e  f r a c t i o n s  w ere r e q u i r e d  f o r  c o n t in u e d  

g ro w th  a f t e r  5 s e r i a l  t r a n s f e r s .  I n  a  s u b s e q u e n t  e x p e r im e n t ,  

i t  was fo u n d  t h a t  t h e  g ro w th  a c t i v i t y  o f  t h e  e t h e r - s o l u b l e  

f r a c t i o n ,  and  t h e  e g g -y o lk  s u s p e n s io n  c o u ld  be r e p l a c e d  by 

egg l e c i t h i n  a t  a  c o n c e n t r a t i o n  o f  150 jug /m l. Thus i t  

a p p e a re d  t h a t  t h e  a c t i v e  component o f  t h e  egg y o lk  m ig h t 

h a v e  b een  l e c i t h i n  o r  a  s u b s ta n c e  o r  s u b s ta n c e s  d e r i v e d  

from  i t ,  su c h  a s  f a t t y  a c i d s .  C o n s e q u e n t ly ,  a  num ber o f
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TABLE 9

Growth. Kespon.se o f  H. i n f l a t a  i n  B a s a l  Medium (BM) 

w i t h  V a r io u s  Supp lem en ts  a t  17 C f o r  7 Lays

F r a c t i o n  No. S upp lem en ts  Added Number o f S u b c u l tu r e s

(F r ) to  BM 1 2 3 4 5 6

0 None 2+ 1+ 0

1 Egg Yolk 3+ 3+ 3+ 3+ 3+ 3+

2 E t h e r - s o l u b l e  F r  1 3+ 3+ 3+ 2+ 3+ 3+

3 E th  e r - i n s o l u b l e  
F r  1 2+ 1+ 0

4 A c e t o n e - p r e c i p i 
t a t e d  F r  2 3+ 2+ 2+ 1+ 0

5 A c e to n e - s o lu b le  
F r  2 2+ 1+ 1+ 0

6 Fr 4 + F r  5 3+ 2+ 3+ 2+ 2+ 3+

- Egg L e c i t h i n  
150 i tg /m l 3+ 3+ 2+ 3+ 2+ 2+
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TABLE 10

Growth R esponse  o f  H. i n f l a t a  i n  L ip i d  c o n ta in i n g  B a s a l  

Medium a f t e r  7 Bays a t  17 C

A d d i t io n  t o

B a s a l  Medium

C o n e e n t r a t io n  

)xg/m l

Number o f S u b c u l tu r e s

1 2 3 4 5 6

None 2+ 1+ 0

Egg Yolk 3+ 3+ 3+ 3+ 3+ 3+

O le ic  A c id 50 2+ 2+ 1+ 2+ 1+ 1+

120 • 2+ 1+ 1+ 0

300 0

L i n o l e i c  A cid 15 2+ 2+ 1+ 2+ 2+ 2+

150 1+ 1+ 1+ 1+ 1+ 1+

L in o l e n i c  A c id 20 2+ 1+ 1+ 2+ 1+ 1+

80 2+ 1+ 0

120 0

S t e a r i c  Acid* 20 1+ 1+ 0

.
200 2+ 2+ 1+ 1+ 1+ 1+

'

* A f t e r  15 days o f  i n c u b a t i o n .
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u n s a t u r a t e d  f a t t y  a c i d s ,  i n c l u d i n g  o l e i c ,  l i n o l e i c  and 

l i n o l e n i c  a c i d ,  and a  s a t u r a t e d  f a t t y  a c i d ,  s t e a r i c  a c i d ,  

w ere  t e s t e d  f o r  t h e i r  e g g - y o l k - r e p l a e i n g  a c t i v i t y .  A l l  t h e  

u n s a t u r a t e d  f a t t y  a c i d s  t e s t e d  w ere  fo u n d  t o  s u p p o r t  g ro w th  

i n  t h e  h a s a l  medium, a s  shown i n  T a b le  10; h u t  t h e  y i e l d  o f  

t h e  o rg an ism  i n  t h e  l i n o l e i c  a c i d  medium was h i g h e r  compared 

t o  t h a t  i n  e i t h e r  o l e i c  o r  l i n o l e n i c  a c i d .  I t  was a l s o  

fo und  t h a t  c o n c e n t r a t i o n s  o f  t h e  u n s a t u r a t e d  a c i d s  g r e a t e r  

t h a n  c a .  100 ;ug/m l w ere  i n h i b i t o r y  t o  t h e  g ro w th  o f  H e x a m ita . 

On t h e  o t h e r  h a n d ,  t h e  s a t u r a t e d  f a t t y  a c i d  t e s t e d  h a d  o n ly  

low  a c t i v i t y ,  and o n ly  a t  a  h i g h  c o n c e n t r a t i o n  and a f t e r  a  

p r o lo n g e d  i n c u b a t i o n  was t h e  a c t i v i t y  o f  s t e a r i c  a c i d  

co m p a rab le  t o  t h a t  o f  l i n o l e i c  a c i d .

I n  F ig u r e  5 ,  t h e  g ro w th  o f  H exam ita  i n  t h e  medium 

c o n t a i n i n g  l i n o l e i c  a c i d  and l i n o l e i c  su p p le m e n te d  w i th  

Tween 80 a s  a  d i s p e r s i n g  a g e n t  i s  compared t o  t h a t  o b t a i n e d  

o n  t h e  e g g -y o lk  medium. I t  was fo u n d  t h a t  a l th o u g h  t h e  

f i n a l  y i e l d s  o f  c u l t u r e s  i n  a l l  m edia  w ere  c o m p a ra b le ,  t h e  

g ro w th  r a t e  o f  t h e  o rg an ism  i n  a  f a t t y - a c i d - c o n t a i n i n g  

medium was s m a l l e r  compared t o  t h a t  o f  t h e  e g g -y o lk  medium. 

F u r th e rm o r e ,  t h e  g ro w th  o f  t h e  o rg an ism  i n  a  f a t t y - a c i d -  

c o n t a i n i n g  medium was p r e c e d e d  by a  l o n g e r  l a g .  A t te m p ts  to  

r e d u c e  t h e  l a g  by t h e  a d d i t i o n  o f  s u r f a c t a n t s  su ch  a s  Tween 

80 (1  mg/ml) and  sodium  d e o x y c h o la te  ( 0 . 0 1 ^ ) ,  d o u b l in g  t h e  

c o n c e n t r a t i o n  o f  v i t a m i n s ,  and  t h e  a d d i t i o n  o f  t r a c e  m e t a l s ,  

w ere  n o t  s u c c e s s f u l .

R ep lacem en t o f  p e p to n e  ----- I n  an  a t t e m p t  t o  r e p l a c e
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p e p to n e  i n  a  l i n o l e i c  a c i d  c o n ta in i n g  medium (HF m edium ), 

each  o f  t h e  amino a c i d  s o l u t i o n s ,  19A and  13 A, was t e s t e d  

h u t  w i th o u t  s u c c e s s ,  a s  shown i n  T ab le  1 1 .  M oreo ver ,  a s  can  

be  s e e n  i n  t h e  t a b l e ,  no s t i m u l a t i o n  o f  g row th  was o b ta in e d  

when a  m ix tu r e  o f  p u r i n e s  and p y r im id in e s  was u se d  to  

su p p lem en t  t h e  amino a c id  m ix t u r e s .  F u r t h e r  a t t e m p t s  t o  

r e p l a c e  t h e  p e p to n e  by m o d ify in g  t h e  amino a c i d  c o n c e n t r a 

t i o n  w ere u n s u c c e s s f u l ,  and  e x p e r im e n ta t io n  was d i s c o n t i n u e d .
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TABLE 11

Growth. R esponse  o f  H. i n f l a t a  i n  HF:Medium c o n ta in i n g  

Amino A c id s  a f t e r  7 Lays a t  17 0

A d d i t io n  t o  HF Medium Number o f  S u b c u l tu r e s
\

1 2 3 4 - 5 6

None 2+ 1+ 0

P e p to n e ,  0 .5 °/° 2+ 2+ 1+ 2+ 2+ 2+

19 Amino A c id s  (19-A-) 2+ 1+ 0

19A + P u r i n e s  & P y r im id in e s 2+ 1+ 0

13 Amino A c id s  (13-A.) 2+ 14 0

13A + P u r in e s  & P y r im id in e s 2+ 1+ 0
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CHAPTER I I I

DISCUSSION AND CONCLUSIONS 

I n  t h i s  t h e s i s ,  t h e  f i r s t  s u c c e s s f u l  a t t e m p t  t o  

c u l t i v a t e  t h e  t r o p h o z o i t e s  o f  H. i n f l a t a  i n  a x e n ic  c u l t u r e  

i n  an  a r t i f i c i a l  medium i s  r e p o r t e d .  T h is  was a c c o m p l ish e d  

u s in g  o rg an ism s  o b t a i n e d  from  t h e  o y s t e r ,  C r .  v i r g i n i c a . 

th ro u g h  s e r i a l  t r a n s f e r s  i n  a  medium c o n t a i n i n g  p e p to n e ,  

g l u c o s e ,  y e a s t  e x t r a c t ,  c y s t e i n e  and  e g g -y o lk  s u s p e n s io n  o r  

serum p r e p a r e d  i n  a r t i f i c i a l  s e a  w a t e r .  The a n t i b i o t i c s  

p e n i c i l l i n ,  s t r e p to m y c in  and  m y c o s t a t i n  w ere  u s e d  t o  f r e e  

t h e  f l a g e l l a t e  from  c o n ta m in a t in g  m ic ro o rg a n is m s .  The u se  

o f  egg y o lk  o r  serum  and c y s t e i n e  a s  w e l l  a s  a n t i b i o t i c s  i n  

deep  c u l t u r e  w ere t h e  e s s e n t i a l  c o n d i t i o n s  f o r  o b t a i n i n g  t h e  

a x e n ic  c u l t u r e  o f  t h e  o rg a n is m .  The e a s e  and r e p r o d u c i b i l i t y  

o f  t h i s  t e c h n iq u e  made i t  p o s s i b l e  t o  u n d e r t a k e  f u r t h e r  

s t u d i e s  on t h e  o rg a n ism  n o t  a t t e m p te d  p r e v i o u s l y .  S in c e  

t h i s  work was f i r s t  r e p o r t e d  (Khouw, 1 9 6 2 ) ,  Uzmann and 

Hayduk (1963) h a v e  a l s o  r e p o r t e d  a  s i m i l a r  m ethod f o r  t h e  

i n  v i t r o  c u l t i v a t i o n  o f  H. s a lm o n is  i n  medium 199» s u p p le 

m ented  w i th  human c o rd  se rum , l a c t a l b u m i n  h y d r o l y s a t e ,  

a n t i b i o t i c s  and b u f f e r e d  s a l i n e  m a in ta in e d  i n  a n a e r o b ic  

c o n d i t i o n s .

The t r o p h o z o i t e s  o f  H. i n f l a t a  u n d e r  n a t u r a l  c o n d i t i o n s  

l i v e  i n  c l o s e  a s s o c i a t i o n  w i th  d y ing  o r  dead  o y s t e r s ,  w hich  

commonly o c c u r  d u r in g  t h e  w i n t e r  when w a t e r  t e m p e r a tu r e  i s

40
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a b o u t  4 C. At t h i s  t e m p e r a tu r e  r a n g e ,  t h e  o y s t e r s  rem a in  

c lo s e d  (H e n d e rso n , 1961) and  c o n d i t i o n s  w i t h i n  t h e s e  c lo s e d  

o y s t e r s  w ere  fo und  t o  he a c i d i c  ( c a .  pH 5) and  a n a e r o b ic  o r  

r e d u c i n g .  A lth o u g h  t h e  c o n d i t i o n s  o f  t e m p e r a t u r e ,  s a l i n i t y  

and  pH o b t a i n i n g  i n  t h e  o y s t e r s  do n o t  c o r r e s p o n d  to  th e  

o p t im a  f o r  t h e  g ro w th  o f  H exam ita  a s  d e te rm in e d  i n  o u r  

e x p e r im e n t s ,  t h e y  do f a l l  w i t h i n  t h e  e x p e r i m e n t a l l y -  

d e te rm in e d  r a n g e s  f o r  g ro w th .  I t  would seem t h a t  t h e  

i m p o r t a n t  p h y s i c a l  f a c t o r  o p e r a t i n g  i n  t h e  o y s t e r  i s  t h e  

r e d u c in g  o r  a n a e r o b ic  e n v iro n m e n t .

I n  t h e  n u t r i t i o n a l  w ork , o u r  p r im a ry  e f f o r t  was d i r e c t e d  

t o  r e p l a c i n g  t h e  e g g -y o lk  component o f  t h e  m a in te n a n c e  

medium. As a  r e s u l t  o f  f r a c t i o n a t i n g  t h e  egg y o lk  w i th  l i p i d  

s o l v e n t s  and  t e s t i n g  t h e  e f f e c t  o f  v a r i o u s  f r a c t i o n s ,  i t  was 

d e m o n s t r a te d  t h a t  t h e  f u n c t i o n  o f  t h e  egg y o lk  was l i k e l y  

t h a t  o f  s u p p ly in g  some u n s a t u r a t e d  f a t t y  a c i d s .  I n  any 

e v e n t ,  t h e  egg y o lk  was r e p l a c e a b l e  by l i n o l e i c  a c i d  and to  

some e x t e n t  by o l e i c  o r  l i n o l e n i c  a c i d .  D e s p i t e  t h e  

a p p a r e n t  a c t i v i t y  o f  t h e  s a t u r a t e d  f a t t y  a c i d  t e s t e d ,  n am ely , 

s t e a r i c  a c i d ,  t h e  h ig h  c o n c e n t r a t i o n s  r e q u i r e d  s u g g e s te d  

t h a t  an  u n s a t u r a t e d  f a t t y  a c i d  c o n ta m in a n t  m igh t h a v e  been  

r e s p o n s i b l e  - fo r  i t s  g ro w th -p ro m o tin g  p r o p e r t i e s .

The n u t r i t i o n a l  r o l e  o f  p e p to n e  was n o t  c o m p le te ly  

s t u d i e d .  I t  was assum ed t h a t  t h e  r o l e  o f  t h i s  c a s e i n  

d i g e s t  was t o  s u p p ly  amino a c i d s  r e q u i r e d  f o r  g ro w th .

S i m i l a r  d i f f i c u l t i e s  h av e  b een  e n c o u n te re d  i n  o t h e r  n u t r i 

t i o n a l  s t u d i e s  o f  o t h e r  p r o t o z o a .  F o r  exam ple , i n
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T e tra h y m e n a . Dewey and  K id d e r  (1958) r e p o r t e d  a  t o x i c  e f f e c t  

r e s u l t i n g  from  an  im p ro p e r  b a la n c e  o f  amino a c i d s  i n  t h e  

medium u se d  t o  c u l t i v a t e  t h i s  c i l i a t e .  Holz e t  a l .  (1 9 6 1 ) ,  

w o rk in g  w i th  _T. p a r  ay  o r  a x , a l s o  r e p o r t e d  t h a t  a  s p e c i f i c  

p e p to n e  f r a c t i o n  such  a s  s t e r o l  m igh t be  im p o r ta n t  i n  

d e t o x i f y i n g  l i n o l e i c  a c i d .  On t h e  o t h e r  h a n d ,  W eiss and 

B a l l  ( 1 9 4 7 ) ,  w ork ing  on T r i t r ic h o m o n a s  f o e t u s , d e m o n s tra te d  

a  r e q u i r e m e n t  f o r  a  s t r e p t o g e n i n - l i k e  f a c t o r  p r e s e n t  i n  

c a s e i n  h y d r o l y s a t e .  Thus t h e r e  a r e  a  number o f  p o s s i b l e  

e x p la n a t i o n s  f o r  o u r  f a i l u r e  t o  r e p l a c e  t h e  p e p to n e  i n  o u r  

v e ry  p r e l i m i n a r y  e x p e r im e n ts .

The s im p le  s t r u c t u r e  o f  t h e  t r o p h o z o i t e  o f  H. i n f l a t a  

h a s  c o n t r i b u t e d  t o  t h e  d i f f i c u l t y  o f  s p e c i e s  i d e n t i f i c a t i o n .  

The r e s u l t s  o f  o u r  m o rp h o lo g ic a l  s t u d i e s  a r e  s i m i l a r  to  

th o s e  d e s c r ib e d  by l a i r d  (1 9 6 1 ) .  Most s t u d i e s  o f  t h e  

o rg an ism  h av e  p r e s e n t e d  o n ly  t h e  s i z e  and shape  o f  t h e  

t r o p h o z o i t e ,  b u t  i t  i s  d o u b t f u l  i f  t h e s e  c r i t e r i a  can  be 

c o n f i d e n t l y  u se d  f o r  a d e q u a te  i d e n t i f i c a t i o n .  M oreov er ,  i t  

h a s  been  p o in te d  o u t  by W enrich (1955) t h a t  t h e r e  e x i s t e d  a  

re m a rk a b le  u n i f o r m i t y  i n  m orphology  among s p e c i e s  o f  

H exam ita  found  i n  h o s t s  t h a t  w ere w id e ly  s e p a r a t e d  ta x o n o -  

m i c a l l y ,  t h e r e f o r e ,  i t  seems d e s i r a b l e  t h a t  o t h e r  c r i t e r i a  

be  u s e d  f o r  more d e f i n i t i v e  s p e c i e s  i d e n t i f i c a t i o n .

S p e c ie s  i d e n t i f i c a t i o n  among t h e  p r o to z o a  i s  som etim es 

made p o s s i b l e  when c y s t s  o r  o t h e r  fo rm s c o n s t i t u t e  p a r t s  o f  

t h e  l i f e - c y c l e  o f  an  o rg a n is m . I n  s p i t e  o f  t h e  f a c t  t h a t  

c y s t s  w ere  r e p o r t e d  f o r  some s p e c i e s  o f  H exam ita  ( D a v is ,
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1925; S ch m it ,  1920; S l a v i n  and W ilso n ,  I 9 6 0 ) ,  t h e i r  a b sen c e  

u n d e r  v a r i o u s  c o n d i t i o n s  o f  t e m p e r a t u r e ,  pH, r e d o x  p o t e n t i a l  

and  s a l i n i t y  a rg u e d  a g a i n s t  t h e i r  f o r m a t io n  by H. i n f l a t a . 

However, Mackin j3t a l .  (1952) r e p o r t e d  t h e  o c c u r r e n c e  o f  

b i n u c l e a t e ,  t h i n - w a l l  c y s t s  f o r  t h e  s p e c i e s  o f  H exam ita  

from  0 .  e d u l i s  and  C r .  v i r g i n i c a . S in c e  t h e i r  h i s t o l o g i c a l  

o b s e r v a t i o n s  w ere  b a s e d  on m a t e r i a l s  t a k e n  from  o y s t e r  

t i s s u e s ,  t h e  o r i g i n  an d  i d e n t i t y  o f  t h e s e  c y s t s  becomes 

d o u b t f u l .  I t  i s  a l s o  i n t e r e s t i n g  to  n o t e  i n  t h i s  r e s p e c t ,  

t h a t  u n d e r  c e r t a i n  u n f a v o u r a b le  c o n d i t i o n s  su c h  a s  a  low  pH 

o r  o x i d i z i n g  e n v iro n m e n t ,  H. i n f l a t a  c o u ld  assum e a  

s p h e r i c a l  fo rm , w i th  o r  w i th o u t  f l a g e l l a .  I t  i s  p o s s i b l e  

t h a t  t h i s  s t r u c t u r a l  fo rm  c o u ld  h a v e  b een  m is ta k e n  f o r  a  

c y s t .

The im p o r ta n c e  o f  t h e  f l a g e l l a r  s t r u c t u r e  f o r  taxonom ic  

p u rp o s e s  i n  t h e  f l a g e l l a t e d  p r o t o z o a  i s  w e l l  known. I n  th e  

m ost r e c e n t  s t u d i e s  on T richom onas v a g i n a l i s  (H o n igb erg  and 

K in g , 1964) and  T. g a l l i n a e  (Abraham and H o n ig b e rg ,  1 9 6 4 ) ,  

t h e s e  two c l o s e l y  s i m i l a r  o rg an ism s  w ere  d i f f e r e n t i a t e d ,  

among o t h e r  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s ,  on t h e  b a s i s  o f  

t h e  s t r u c t u r e  o f  t h e i r  f l a g e l l a r  u n i t s ,  w h ich  w ere  

d e m o n s t ra b le  by means o f  t h e  p r o t a g o l - s i l v e r  s t a i n i n g  

m etho d . I n  o u r  p r e l i m i n a r y  m o rp h o lo g ic a l  s t u d i e s  o f

H. i n f l a t a ,  no s i m i l a r  work h a s  b een  a t t e m p t e d .  However, i t  

i s  d o u b t f u l  i f  t h i s  a p p ro a c h  can  be  u s e d  t o  any  u s e f u l  

e x t e n t  i n  t h e  c a s e  o f  H e x a m ita , w hich  i s  c h a r a c t e r i z e d  by a 

s im p le  and  r e l a t i v e l y  u n d e v e lo p ed  f l a g e l l a r  u n i t .  On th e
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o t h e r  h a n d ,  s i n c e  t h e  f l a g e l l a t e  can  now he  c u l t i v a t e d  i n  

a x e n ic  c u l t u r e s ,  a d d i t i o n a l  p a r a m e te r s  h a s e d  on p h y s i o l o g i c a l  

c h a r a c t e r i s t i c s  su c h  a s  n u t r i t i o n a l  r e q u i r e m e n t s  f o r  g ro w th ,  

may a l s o  h e  a d v a n ta g e o u s ly  u s e d .

T h ere  have  h e e n  no o t h e r  p r e v i o u s  r e p o r t s  o f  n u t r i 

t i o n a l  s t u d i e s  o f  H exam ita  w i t h  w h ich  t o  compare o u r  r e s u l t s .  

T h e re  h a v e ,  ho w ev er ,  heen  a  num ber o f  s t u d i e s  on t h e  

r e l a t e d  t r i c h o m o n a d s , and  i t  i s  o f  i n t e r e s t  t o  compare t h e  

n u t r i t i o n  o f  t h e s e  two a n a e r o b i c  f l a g e l l a t e s .  The t r i c h o 

monads a r e  m o r p h o lo g ic a l ly  m ore com plex  th a n  H e x a m ita , and 

a r e  c h a r a c t e r i z e d  by  t h e  p r e s e n c e  o f  an  u n d u l a t i n g  membrane 

and  some o t h e r  s t r u c t u r a l  com ponents w hich  a r e  a b s e n t  i n  

H e x a m ita . T hese  com ponents may i n c l u d e  c o s t a ,  p e l t a  and  a  

w e l l - d e v e lo p e d  a x o s t y l e  p r o t r u d i n g  beyond  t h e  p o s t e r i o r  end 

(H o n ig b e rg ,  1 9 6 3 ) .  T h e r e f o r e ,  t h e  t r ic h o m o n a d  would seem to  

be p h y l o g e n e t i c a l l y  more a d v a n c e d ,  a l t h o u g h  i t  i s  con

c e i v a b l e  t h a t  t h e  s i m p l i c i t y  o f  H exam ita  i s  due to  r e d u c t i o n  

o f  s t r u c t u r e s .  On t h e  b a s i s  o f  t h e  c o n c e p t  d e v e lo p e d  by 

I w o f f  (1951)»  who c o n s i d e r e d  t h e  r e q u i r e m e n t  f o r  g ro w th  

f a c t o r s  i n  a n  o rg a n ism  a s  t h e  c o n se q u e n c e  o f  l o s s e s  o f  

f u n c t i o n s ,  i t  w ould  be  e x p e c te d  t h a t  t h e  n u t r i t i o n a l  

r e q u i r e m e n t s  o f  t h e  t r ic h o m o n a d s  w ould  be more com plex th a n  

t h o s e  o f  H exam ita  i f  t h e  fo rm e r  f l a g e l l a t e s  w ere  p h y lo 

g e n e t i c a l l y  more a d v a n c e d .  In d e e d  t h i s  i s  t h e  c a s e ,  a s  se en  

i n  a  co m p a riso n  o f  t h e  r e s u l t s  o f  o u r  s t u d i e s  on H exam ita  

w i t h  t h e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  t r ic h o m o n a d s  r e p o r t e d  

i n  t h e  l i t e r a t u r e .  T hus, a l t h o u g h  b o th  f l a g e l l a t e s  have
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s i m i l a r  r e q u i r e m e n ts  f o r  l i n o l e i c  a c i d  and a  c a s e i n  hy d ro  

l y s a t e  ( S p r in c e  and  K u p fe rb e rg ,  1 9 4 7 ) ,  t h e  t r ic h o m o n a d s  

a l s o  r e q u i r e  some s a t u r a t e d  f a t t y  a c i d s  (Shorh  and  l u n d ,  

1959) an d ,  i n  a d d i t i o n ,  many r e q u i r e  s t e r o l s  ( C a i l l e a u ,  

1955; lu n d  and  S horb , 1 9 6 2 ) .  A l th o u g h  i t  i s  p re m a tu re  t o  

c a r r y  t h i s  k in d  o f  s p e c u l a t i o n  to o  f a r ,  i t  would be 

i n t e r e s t i n g  t o  know w h e th e r  s t u d i e s  o f  o t h e r  s p e c i e s  o f  

H exam ita  w ould y i e l d  r e s u l t s  c o n s i s t e n t  w i th  L w o f f 's  

h y p o t h e s i s .
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CHAPTER IV

SUMMARY

1 .  An a x e n ic  c u l t u r e  m ethod f o r  t h e  i s o l a t i o n  and 

c u l t i v a t i o n  o f  t h e  t r o p h o z o i t e s  o f  H. i n f l a t a  was d e v e lo p e d .  

The medium p r e p a r e d  i n  s e a  w a te r  (S=25-28^ a ) was composed o f  

p e p to n e ,  g l u c o s e ,  y e a s t  e x t r a c t ,  c y s t e i n e ,  e g g -y o lk  

s u s p e n s io n  o r  b e e f  serum and a n t i b i o t i c s .

2 .  A b r i e f  m o rp h o lo g ic a l  d e s c r i p t i o n  o f  H. i n f l a t a  

was a t t e m p t e d .  Ho c y s t  f o r m a t io n  i n  c u l t u r e  was o b s e rv e d ,  

b u t  t h e  f o r m a t io n  o f  a  s p h e r i c a l  c e l l ,  w i th  o r  w i th o u t  

f l a g e l l a ,  was n o te d  i n  c u l t u r e  u n d e r  c e r t a i n  c o n d i t i o n s .

3 .  The e f f e c t s  o f  p h y s i c a l  f a c t o r s  on g ro w th  i n  

c u l t u r e  w ere  d e te rm in e d .  The f l a g e l l a t e  was c a p a b le  o f  

g ro w in g  u n d e r  a  w ide r a n g e  o f  t e m p e r a tu re  (5  C t o  25 C ), 

h y d r o g e n - io n  c o n c e n t r a t i o n  (pH 4 .5  t o  8 . 5 ) ,  and s a l i n i t y  

(3  t o  2Sc/oo ) ,  and r e q u i r e d  a  r e d u c in g  o r  a n a e r o b ic  

e n v iro n m e n t .

4 .  The r e q u i r e m e n t ,  f o r  g ro w th ,  o f  an  e g g -y o lk  

s u s p e n s io n  was p a r t i a l l y  s a t i s f i e d  by u n s a t u r a t e d  f a t t y  

a c id s o  A tte m p ts  to  r e p l a c e  p e p to n e  w i th  m ix tu r e s  o f  amino 

a c i d s  w ere  n o t  s u c c e s s f u l .  However, a  p a r t i a l l y  d e f in e d  

medium c o n ta in i n g  v i t a m in s ,  a n  u n s a t u r a t e d  f a t t y  a c i d ,  

g l u c o s e ,  c y s t e i n e ,  p e p to n e  and s a l t s  was f o r m u la te d .
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