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Linear  inac t iva t ion  curves are ob ta ined  by  p lo t t ing  on 
a semilog scale the  viable cell n u m b e r  against  the  exposure  
t ime.  The LD~0 ranged f rom 40 to  112 sec. The d i f ferent  
s h a p e  of the  curves could be connec ted  wi th  d i f ferent  
factors,  such as e i ther  a d i f ferent  t r a n s p a r e n c y  of the  
ex te rna l  cell layers to U.V. light, or differences a t  the  
nuclear  level (e.g. the  nuclear  p lo idy  or the  n u m b e r  of 
nuclei  per  colony forming  unit).  

The percen tage  of R - type  colonies p resen t  on pla tes  of 
S t ra in  Z-1 af ter  U.V. t r e a t m e n t  does cons tan t ly  increase 
in p ropor t ion  to the  dura t ion  of the  t r e a t m e n t ,  thus  indi- 
ca t ing  t h a t  metabol ic  changes,  p r e sumab ly  due to U.V.- 
induced  muta t ions  in the  hos t  genome, m a y  interfere  wi th  
the  expression of the  hos t -paras i te  in ter re la t ionship .  Fur-  
the r  suggest ion of a metabol ic  c o m p l e m e n t a r i t y  be tween  
MLO and its host ,  likely a t  the  pro te in  synthes is  level, arose 
also dur ing a t t e m p t s  to e l iminate  the  presence  of MLO 
from infected s trains  by  t r e a t m e n t  w i th  ant ib iot ics  
effective agains t  mycoplasmas ,  e.g. e ry t romycin ,  kana-  
mycin,  l incomycin,  spiromycin,  and  te t racycl ines .  Evi -  
dence is avai lable t h a t  te t racycl ine  does inh ib i t  the  
microfungus  s t ra in according to whe the r  MLO is invasive,  
la tent ,  or absen t  (work in progess). 

As far as the  d imensions  of Giemsa-posi t ive  bodies  are 
concerned,  the  s t ra ins  here  s tudied  have  the  d iameters  
and volumes summar ized  in the  Table.  

Two dif ferent  popula t ions  of Giemsa-posi t ive  bodies 
have  been observed in Stra in  Z-l ,  hav ing  d iameters  of 
0.9 ~xm (fungal nuclei, several  nuclei per  cell as in Stra ins  

2-1 and R- l )  and 0~3 ~xm on the  average. More t h a n  1 
dozen of the  small  bodies (an electron microscopic p ic ture  
of these  bodies  is r epor ted  in Figure 5) m a y  be p resen t  
in i fungal  cell, the i r  presence hav ing  a probable  connec-  
t ion  wi th  the  MLO infection.  In  cells of R - t y p e  s t ra ins  
the i r  n u m b e r  is s ignif icant ly  reduced,  more  t h a n  70% 
(unpubl ished data) .  

As a concluding remark,  the  p resen t  da t a  seem to 
suppor t  the  evidence t h a t  an in te rp lay  does t ake  place 
be tween  the  nuclear  charac te rs  of the  hos t  s t ra in  and  the  
invas iveness  and pa thogen ic i ty  of the  MLO. 

Summary .  The infect ion of MLO in a soil microfungus  
(Humicola sp.) or iginates  d i f ferent  types  of non- le tha l  
paras i t i sm.  D i f f e r e n c e s . h a v e  been found in the  U.V. 
sens i t iv i ty  and  nuclear  charac te rs  according to the  t ype  
of MLO-microfungus  ~hterrelationshi p. 
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I n v o l v e m e n t  of a Surface  Concanava l in  A - B i n d i n g  
Trichornonas vaginalis to S u b s t r a t e s  

Trichomonas vaginalis cells will adhere  to various types  
of solid suppor t  I. W h e n  this  occurs on the  walls of culture 
vessels, monolayer  cul tures no t  unlike those of mult ieel lular  
organisms,  are formed 2. Adhes iveness  is p robab ly  depen-  
d e n t  on the  proper t ies  of the  cell m e m b r a n e  and  m a n y  
lines of evidence indicate  tha t ,  in eucaryot ic  cells, surface 
g lycoprote ins  are involved in adhesion p h e n o m e n a  a. 

A s tudy  was therefore  made  on the  T. vaginalis surface 
to  inves t iga te  the  role of ca rbohydra t e - con ta in ing  prote ins  
in cell-to-glass adhesion.  

Materials and methods. The Trichomonas s t ra in  em- 
ployed (FC) was ma in t a ined  axial ly  as previously  de- 
scribed 2. Only 12-h cul tures con ta in ing  > 98% viable 
cells, as de te rmined  by  t r y p a n  blue exclusion t es t  4, were 
used. 

To de te rmine  b inding  of the  jack bean  lectin concana-  
val in A (ConA) to  the  surface of T. vaginalis, an indirec t  
immunof luorescen t  t e s t  was pe r fo rmed  5. V~rashed cells 
(4 • 104/ml in 0.14 M, p H  7.0 p h o s p h a t e  buffered saline - 
PBS) were incuba ted  wi th  excess ConA (Pharmacia  Fine  
Chemicals AB; b a t c h  No. 7623) for 15 rain a t  37~ and, 
af ter  r epea ted  washing,  wi th  a f luorescein i so th iocyana te  
(FITC)-labelled immunoglobu l in  f rac t ion of ant i -ConA 
rabb i t  an t i serum.  F u r t h e r  washing  was followed by  
resuspension in PB  S and observa t ion  under  a Left  Ortolux 
microscope wi th  t r a n s m i t t e d  UV-light .  

The e thylene  d iamine te t raace t i c  acid (EDTA) t r e a t m e n t  
of Trichomonas cells was pe r fo rmed  as previous ly  de- 
scribed 6. The E D T A  soluble f rac t ion ob ta ined  (EDTA-SF)  
was then  separa ted  by  aff in i ty  c h r o m a t o g r a p h y  wi th  
ConA covalent ly  bound  to Sepharose-4B.  20 ml of E D T A -  
SF conta in ing  35 mg of pro te in  was dialyzed agains t  0.1 M 
sodium ace ta te  buffer,  p H  6.0 con ta in ing  1 2VI NaC1, 

G l y c o p r o t e i n  in the A d h e s i o n  of 

0.001 3// CaC12, 0.001 M MgC12 and 0.001 M MnC12. The 
solut ion was t h e n  appl ied to a co lumn of ConA-Sepharose  
(Pharmacia  Fine  Chemicals AB; ba t ch  No. 6745), bed 
volume 48 ml, and eluted wi th  the  above buffer.  Af te r  the  
u n b o u n d  f rac t ion was col lected (ConA-UF),  e lut ion wi th  
~-methyl-D-glucopyranoside  gave a f rac t ion (ConA-BF) 
t h a t  p roved  homogeneous  on sodium dodecyl  su lpha te -  
(SDS)-polyacry lamide  gel e lectrophoresis  and was appar -  
en t ly  a g lycoprote in  since i t  was s ta inable  wi th  Coomassie 
blue and PAS-pos i t i veL  

Results and discussion. The d i s t r ibu t ion  of ConA recep- 
tors  on the  surface of no rma l  T. vaginalis is shown in the  
Figure  a; f luorescence p a t t e r n  is un i form wi th  dots  of 
va ry ing  in t ens i ty  d i s t r ibu ted  over  the  ent i re  cell surface. 
The appea rance  of f luorescence on the  m e m b r a n e  is 
specific, since it is comple te ly  inhib i ted  when  ConA is 
p re - incuba ted  wi th  0.1 M ~-methyl -D-glucopyranos ide  as 
a h a p t e n  inhibi tor .  
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Distribution of ConA receptors on 
the surface of T. vaginalis. Insert 
scale shows 10 [xm. 
a) Trichomonas treated with ConA 
for 15 min and incubated with a 
FITC-labelled immunoglobulin 
fraction of rabbit anti-ConA anti- 
serum. The cells display uniform 
'ring' fluorescence, b) as before but  
50 [xg/mI eytochalasin B was added. 
The labelled cells show uniforul 
fluorescence, c) and d) as in a) but  
preceded by incubation with 0.005 
M EDTA in PBS 0.14 M for 
15 rain and maintenance with 
10 [~g/ml eycloheximide for the 
duration of the experiment. Patchy 
fluorescence can be observed. 

D r u g s  t h a t  d a m a g e  m i c r o t u b u l a r  s t r u c t u r e s  w i t h i n  t h e  
cell  s a n d  i n h i b i t  l e c t i n - i n d u c e d  a g g l u t i n a t i o n  of  t u m o u r  
cel ls  9, n a m e l y  v i n b l a s t i n e  (Li l ly  - 30 txg/ml) o r  c y t o c h a l a s i n  
B ( I m p e r i a l  C h e m i c a l  I n d u s t r i e s ,  U K  - 50 [*g/ml) h a d  no  
e f f ec t  o n  t h i s  p a t t e r n  ( F i g u r e  b).  

W h e n  t h e  e x p e r i m e n t  is  r e p e a t e d  w i t h  E D T A - t r e a t e d  
cel ls  a n d  a p r o t e i n  s y n t h e s i s  i n h i b i t o r  (10 txg/ml cyc lo -  
h e x i m i d e  - C H )  is a d d e d ,  f l u o r e s c e n c e  is r e d u c e d  a n d  C o n A  
a p p e a r s  d i s t r i b u t e d  in  i r r e g u l a r  s p o t s  o v e r  t h e  cell  s u r f a c e  
( F i g u r e  c - d ) .  T r e a t m e n t  w i t h  E D T A ,  in  fac t ,  is  k n o w n  to  

Effect of a ConA-binding fraction on the adhesion of EDTA and 
cyeloheximide treated T. vaginalis to glass surfaces (percentage of 
controls) 

Trichomonas Added fraction Adherent cells 
t reatment  ([xg/ml protein, final concentration) after 1 h (%) 

(mean i SD) 
ConA-BF ConA-UF BSA 

E D T A + C H  2 5 1 ~ 5  
E D T A +  CH 10 63:J :6  
EDTA + CH 2 11 ~ 3 
EDTA + CH 10 10 :j: 2 
EDTA + CH 30 14 ~ 3 
EDTA + CH 10 10 10 65 :j: 9 
EDTA + CH 7 ~ 2 
E D T A + C H  15 12:[ :3  
+ anti-TS 
Untreated 100 ~ 8 
controls 

Results compiled from 7 experiments. For abbreviations see text. 
Trichomonas were incubated with 0.005 M EDTA in 0.14 M, pH 7.0 
PBS for 15 min at 37 ~ washed and diluted to a final concentration 
of 4 x 104 cells per ml in Earle's solution containing 10 [~g/ml cyclo- 
heximide and the indicated amount  of added fraction. Cell adhesive- 
ness to glass was measured as previously describedlL 

c a u s e  m e m b r a n e  a l t e r a t i o n s  of  b o t h  n o r m a l  a n d  t r a n s -  
f o r m e d  cells1~ a n d  t o  m o d i f y  t h e  d i s t r i b u t i o n  of C o n A  
o n  t h e  s u r f a c e  of  c u l t u r e d  cei ls  12. I t  h a s  a lso  b e e n  s h o w n  
t h a t  a s h o r t  t r e a t m e n t  w i t h  E D T A  i n h i b i t s  Trichomonas 
a d h e s i o n  for  a b o u t  4 h ,  a p e r i o d  t h a t  c a n  be  p r o l o n g e d  
i n d e f i n i t e l y  b y  c o n t a c t  w i t h  a p r o t e i n  s y n t h e s i s  i n h i b i t o r  is. 
F u r t h e r m o r e ,  e I e c t r o n  m i c r o s c o p i c  s t u d i e s  of  E D T A -  
t r e a t e d  Trichomonas 6, h a v e  d e m o n s t r a t e d  a r e l e a se  of  cel l  
m e m b r a n e  c o m p o n e n t s  w h i c h  m a y  a c c o u n t  for  t h e  m o d i -  
f i c a t i o n  o f  f l u o r e s c e n c e  p a t t e r n  o b s e r v e d  he re .  

T o  d e m o n s t r a t e  t h a t  C o n A - B F  w a s  spec i f i c a l l y  i n v o l v e d  
i n  T.  vaginalis  a d h e s i o n ,  E D T A - t r e a t e d  p r o t o z o a  w e r e  
m a i n t a i n e d  in  E a r l e ' s  s o l u t i o n  a t  37 ~ in  t h e  p r e s e n c e  o f  
10 [xg/ml c y c l o h e x i m i d e  ( S i g m a ) .  U n d e r  t h e s e  c o n d i t i o n s ,  
t h e r e  is  l i t t l e  t e n d e n c y  fo r  t h e  cel ls  t o  a d h e r e  t o  g l a s s  
s u r f a c e s .  H o w e v e r ,  w h e n  t h e  C o n A - B F  w a s  a d d e d  a d h e s i o n  
w a s  r e s u m e d ,  t h o u g h  less  e f f i c i e n t l y  t h a n  in  t h e  c o n t r o l s  
(Table) .  I n c u b a t i o n  o f  s i m i l a r l y  t r e a t e d  cells  w i t h  t h e  
C o n A - U F  o r  w i t h  b o v i n e  s e r u m  a l b u m i n  (BSA)  d id  n o t  
h a v e  t h i s  e f fec t .  T h e  a c t i v i t y  of  t h e  C o n A - B F  is  spec i f ic .  
I t  is i n h i b i t e d  if t h e  E D T A - t r e a t e d  cel ls  a r e  f i r s t  i n c u b a t e d  
for  15 m i n  in  E a r l e ' s  s o l u t i o n  c o n t a i n i n g  2 %  i n a c t i v a t e d  
a n t i - T r i c h o m o n a s  r a b b i t  s e r u m  ( a n t i - T S ) .  A n t i b o d i e s  v e r y  
p r o b a b l y  p r e v e n t  a t t a c h m e n t  o f  C o n A - B F  b y  c l i n g i n g  t o  
t h e  cell  m e m b r a n e .  
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I t  h a s  b e e n  s h o w n  t h a t  cel l  s u r f a c e  c a r b o h y d r a t e s  a r e  
i n w f l v e d  in  b o t h  i n t e r c e l l u l a r  a n d  s u b s t r a t e  a d h e s i o n  o n  
t h e  p a r t  of  p r o c a r y o t i c  a n d  e u c a r y o t i c  cel ls  ~4,15, t h o u g h  
n o  Clear r e l a t i o n  b e t w e e n  a d h e s i o n  a n d  C o n A - b i n d i n g  s i t e s  
h a s  y e t  b e e n  d e m o n s t r a t e d  a, t~ 

O u r  f i n d i n g s ,  h o w e v e r ,  s u g g e s t  t h a t  t h e  c a r b o h y d r a t e -  
c o n t a i n i n g  s u r f a c e  p r o t e i n  t h a t  b i n d s  C o n A  is p r i m a r i l y  
r e s p o n s i b l e  for  t h e  a d h e s i o n  of T. vaginalis t o  g l a s s  s u r f a c e s .  
T h e  i n f l u e n c e  of  o t h e r  f a c t o r s ,  h o w e v e r ,  s u c h  as  t h e  a c t i v e  
p r o t r u s i o n  of f i l opod ia ,  o r  m o v e m e n t s  of  t h e  cell  p e r i p h e r y  
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m e d i a t e d  b y  c y t o c h a l a s i n  B - s e n s i t i v e  m i c r o f i l a m e n t s ,  
m u s t  n o t  be  o v e r l o o k e d  17. 

T h e s e  r e s u l t s  a re  in  l ine  w i t h  t h e  h y p o t h e s i s  t h a t  s u g a r -  
c o n t a i n i n g  p r o t e i n s  a r e  i n v o l v e d  in c e l l u l a r  i n t e r a c t i o n s  
a n d  p a r t i c u l a r l y  in  c e l l - t o - s u b s t r a t e  a d h e s i o n  p h e n o m -  
e n a  a, 15, Is, 19. 

Summary .  T r e a t m e n t  of  Trichomonas vaginalis  w i t h  
E D T A  r e m o v e s  t h e i r  a b i l i t y  t o  a d h e r e  to  g l a s s  s u r f a c e s  
a n d  c h a n g e s  t h e i r  a f f i n i t y  t o  C o n c a n a v a l i n  A (ConA) b y  
a d i f f e r e n t  d i s t r i b u t i o n  of  t h e i r  s u r f a c e  s t r u c t u r e s .  F i l t r a t e s  
of  t h e  E D T A - t r e a t e d  Trichomonas p a s s e d  t h r o u g h  a f f i n i t y  
c h r o m a t o g r a p h y  c o l u m n s  ( C o n A  b o u n d  to  S e p h a r o s e  4B)  
s e p a r a t e  i n t o  2 f r a c t i o n s ,  o n e  f r a c t i o n  w a s  b o u n d  t o  t h e  
C o n A - S e p h a r o s e  b e a d s ,  t h e  o t h e r  w a s  no t .  T h e  C o n  A - 
b o u n d  f r a c t i o n  a p p e a r s  t o  be  a g l y c o p r o t e i n  w h i c h  r e s t o r e s  
in  a spec i f i c  w a y  t h e  a b i l i t y  o f  t h e  E D T A - t r e a t e d  p r o t o z o a  
t o  a d h e r e  t o  g lass .  
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Environmenta l  Factors  Control the Periodical  Reproduct ion of Tropical  Electric Fish 

W e a k l y  e l ec t r i c  f i sh  ( G y m n o t o i d e i ,  M o r m y r i f o r m e s )  
h a v e  s i nce  t h e  t i m e  of  t h e i r  d i s c o v e r y  t b e e n  m o r e  a n d  
m o r e  t h e  o b j e c t  o f  i n t e n s i v e  s t ud i e s~ .  T w o  i m p o r t a n t  
t op i c s ,  h o w e v e r ,  s e x u a l  b e h a v i o u r  a n d  e m b r y o l o g y ,  c o u l d  
n o t  as  y e t  be  s t u d i e d  s y s t e m a t i c a l l y .  

L i t t l e  is k n o w n  a b o u t  t h e  r e p r o d u c t i o n  of  t h e s e  
f i shes .  A p a r t  f r o m  a n  i s o l a t e d  c h a n c e  s u c c e s s  w i t h  
Petrocephalus hovel a, w e a k l y  e l ec t r i c  f i sh  h a v e  n e v e r  
b e e n  b r e d  in  c a p t i v i t y .  T h e  G y m n o t o i d e i ,  w h i c h  l ive  in  
t r o p i c a l  C e n t r a l  a n d  S o u t h  A m e r i c a ,  b r e e d  d u r i n g  t h e  
r a i n y  s e a s o n  4 as  do  m o s t  of  t h e  A f r i c a n  m o r m y r i d  f i she s  5, 6. 
T h e  f a c t o r s  w h i c h  c o n t r o l  t h e  p e r i o d i c a l  r e p r o d u c t i o n  o f  
:fishes in t h e  t r o p i c s  in r e l a t i o n  to  d r y  a n d  r a i n y  s e a s o n  
were ,  h o w e v e r ,  n o t  k n o w n L  I t  h a s  n o t  t h e r e f o r e  b e e n  

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

E i g e n m a n n i a  virescens w a s  c h o s e n  for  m o s t  of  t h e  
e x p e r i m e n t s  b e c a u s e  t h e y  a r e  t r a n s p a r e n t  a n d  t h e  g r o w t h  
of  t h e  g o n a d s  c o u l d  be  c o n t i n u o u s l y  o b s e r v e d .  A p r o l o n g e d  
se r i es  of  e x p e r i m e n t s  h a s  p r o v e d  t h a t  a c o m b i n a t i o n  of  
e n v i r o n m e n t a l  f a c t o r s  i n d u c e  t h e  g r o w t h  of g o n a d s  in  
Eigenmannia :  p H  a n d  c o n d u c t i v i t y  of  t h e  w a t e r  w e r e  
c o n t i n u o u s l y  d e c r e a s e d .  A t  t h e  s a m e  t i m e ,  t h e  w a t e r  
l eve l  w a s  i n c r e a s e d .  S i m u l a t e d  r a i n  (8 h / d a y )  a n d  a 
c o n s t a n t  p h o t o p e r i o d  (L D 13: 11) c o m p l e t e d  t h e  s y s t e m .  
A f t e r  a b o u t  2 m o n t h s  u n d e r  t h e s e  c o n d i t i o n s ,  t h e  a n i m a l s  
s h o w e d  m a t u r e  g o n a d s  ( F i g u r e  1). T h e s e  f i s h  a r e  s i m i l a r  
in  a p p e a r a n c e  to  m a t u r e  f i s h  c a u g h t  in S o u t h  A m e r i c a  
d u r i n g  t h e  r a i n y  s e a s o n  4. I f  t h e  a b o v e  c o n d i t i o n s  a r e  
c h a n g e d  in  t h e  o p p o s i t e  d i r e c t i o n ,  t h e n  m a t u r e  E. vires- 
cens r e d u c e  t h e i r  g o n a d s  in  4 to  6 w e e k s .  

Fig. 1. Female of E. virescens with entirely reduced ovary (a), and 
the same fish 87 days later after induction of ovarian growth (b) by 
simulating the rainy season (Figure 2). 
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