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Effect of different amino acids on the sporulation of C. ]alcatum on 
the sugarcane juice of resistant variety 

Cane Total nitrogen Amount of total Sporulation 
variety content present nitrogen adjusted to (mean of 3 

in 100 Inl of juice 18 rag/100 nfi juice replicates) 
(mg) by substituting 1 • 108 

Co. 550 
(resistant) 

Co. 608 
(susceptible) 

12.80 - 21.70 
DL-Alanine 22.50 
L-Arginine 23.25 
l .-Asparagine 29.82 
L-Cysteine 18.11 
L-Glutamic acid 31.00 
Glycine 21.25 
l`-Histidine HC1 22.00 
DL-Isoleucine 26.12 
Dl`-Leucine 24.00 
l`-Lysine HC1 22.32 
DL-Methionine 17.i0 
Dl`-Phenylalanine 20.55 
L-Proline 21.25 
nL-Serine 21.00 
DL-Threonine 21.75 
DL-Tryptophan 23.55 
DL-Valine 24.95 
S. Era.  -L 0.0352 
C.D. a t  5% 0.0884 
C.D. a t  1% 0.1159 

22.50 - 14.85 

Results and discussion. I t  was  f o u n d ,  in general ,  t h a t  
t he  spo ru l a t i on  was more  in t he  juice aga r  of r e s i s t an t  
v a r i e t y  as c o m p a r e d  w i t h  t h a t  of t he  suscept ib le  var ie ty .  

The  juice of r e s i s t a n t  v a r i e t y  h a d  s ign i f ican t ly  lesser 
c o n t e n t  of t o t a l  n i t r ogen  t h a n  t h a t  of t he  suscept ib le  ones. 
The re  was a s ign i f ican t  increase  in spo ru l a t i on  in the  
cane  juice aga r  of r e s i s t an t  v a r i e t y  due  to  t he  add i t i on  
of va r ious  a m i n o  acids (Table).  F u r t h e r ,  t he  add i t i on  of 
L-asparagine  a n d  L-glutamic  acid h a v e  r e m a r k a b l y  
increased  t he  sporu la t ion .  Th i s  conf i rms  t he  earl ier  
obse rva t i on  t h a t  t h e  n i t rogen  c o n t e n t  in  juice, par t ic -  
u la r ly  amino  n i t rogen ,  p lays  a n  i m p o r t a n t  role in sup- 
po r t i ng  the  spo ru l a t i on  of t h e  fungus  a n d  also t he  
res i s tance  of t he  cane  t owards  t h e  disease.  The  add i t i on  
of L-cysteine a n d  DL-methionine  s ign i f ican t ly  decreased 
the  sporu la t ion .  The  spo ru l a t i on  was poor  in  t he  cane  
juice aga r  of suscept ib le  v a r i e t y  due  to  t he  presence of 
h igh  t o t a l - n i t r o g e n  c o n t e n t  p r e sen t  in  t h e  juice s . 

Zusammen/assung. Die S p o r e n b i l d u n g  von  Colletotri- 
chum /alcatum W e n t .  wi rd  be i  der  K u l t u r  auf  Zucker-  
r oh r sa f t  d u r c h  den  Zusa tz  v o n  A s p a r a g i n  u n d  G l u t a m i n -  
s~iure begt ins t ig t ,  w~thrend Zys te in  u n d  Me th ion in  die 
Spo renb i ldung  he rabse t zen .  

K. V. B. R. TILAK 

Department o] Microbiology, School o/Basic Sciences 
and Humanities, U.P. Agricultural University, 
Pantnagar (District Nainital, Uttar Pradesh, India), 
6 January 1969. 

s Sincere thanks are due to Prof. Dr. H. K. PANDE, for supplying 
the research material, to Prof. Dr. W. H. FUCHS, G6ttingen (West 
Germany), for valuable suggestions, to Institut ftir Mikrobiologie, 
University of G6ttingen (West Germany) for providing the pure 
chemicals and to Council of Scientific and Industrial Research, 
New Delhi (India), for financial assistance. 

Regulation of Host and Symbiont  Population Size in Paramec ium bursaria 

The  ci l ia te  p ro tozoan ,  Paramecium bursaria m a i n t a i n s  
w i t h i n  i ts  c y t o p l a s m  severa l  h u n d r e d  green  algal  cells of 
a Chlorella species. P e r p e t u a t i o n  of th i s  assoc ia t ion  h a s  
been  exp la ined  b y  p ropos ing  a s t e a d y  s t a t e  in  n u m b e r  
of algae pe r  p r o t o z o a n  cell 1-a. This  p a p e r  examines  th i s  
p roposa l  b y  c o m p a r i n g  p o p u l a t i o n  g r o w t h  of t he  2 pa r t -  
ners,  a lga  a n d  p ro tozoan ,  t h r o u g h o u t  t he  g r o w t h  cycle 
of cu l tu res  m a i n t a i n e d  in l igh t  a n d  in darkness .  Ev idence  
is also p r e sen t ed  b ea r i ng  on  t h e  ex is tence  a n d  n a t u r e  of 
r egu la to ry  m e c h a n i s m s  for  m a i n t a i n i n g  such  a p roposed  
s t e a d y  s ta te .  

Materials and methods. T he  eh lore l la -bear ing  s t r a in  of 
P. bursaria 4 was g rown in a b a k e d  le t tuce  infus ion  5 modi-  
fied b y  t he  a d d i t i o n  of 3 m M  p h o s p h a t e  buf fe r  ad ju s t ed  
to p H  7.2 a n d  inocu la t ed  w i t h  Enterobacter (Aerobacter)  
aerogenes. Stock  cu l tu res  were m a i n t a i n e d  in  con t inuous  
l igh t  of 150 ft-e p roduced  b y  cool wh i t e  f luorescen t  
tubes .  The  t e m p e r a t u r e  of s tock  and  e x p e r i m e n t a l  cul- 
tu res  was  25-4- 1 ~ E x p e r i m e n t a l  cu l tu res  (50 ml  in  
125 ml  co t ton -p lugged  E r l e n m e y e r  flasks) were p rov ided  
w i t h  a d iu rna l  r eg i m en  of 20 h l igh t  + 4 h darkness .  The  
c o n c e n t r a t i o n  of p ro tozoa  in each  e x p e r i m e n t a l  cu l tu re  
was d e t e r m i n e d  b y  ave rag ing  t he  n u m b e r  coun t ed  in 
t h r ee  0.1 ml  samples  of a n i m a l s  immobi l i zed  b y  add ing  a 
bac ter io logica l  loopful  of 10% aqueous  fo rmaldehyde .  
P o p u l a t i o n s  of endogenous  algae in t he  p r o t o z o a n  samples  
were d e t e r m i n e d  b y  l i be ra t i ng  t he  endop lasmic  algae. 
Th i s  was  accompl i shed  b y  forc ib ly  e jec t ing  t he  a n i m a l  

cells in  a s t r e a m  f rom a 2.0 ml  s t a n d a r d  glass h y p o d e r m i c  
syr inge  w i t h  a No. 27 needle.  Algal  coun t s  were t h e n  m a d e  
w i t h  a h e m a c y t o m e t e r .  E n d o g e n o u s  algal  cell p o p u l a t i o n  
is expressed  e i the r  as cell p o p u l a t i o n  pe r  mil l i l i t re  of 
cu l tu re ;  or t he  algal  cell p o p u l a t i o n  d iv ided  b y  t he  
p rozoan  cell p o p u l a t i o n  in a p a r t i c u l a r  sample  yields t he  
' s y m b i o n t  index '  r ep re sen t ing  t he  m e a n  algal  cell popula-  
t ion  pe r  p a r a m e c i u m  cell. 

Results. P o p u l a t i o n s  of b o t h  t he  ci l ia te  hos t  and  i ts  
e n d o s y m b i o n t  a lgae are  capab le  of r ep roduc ing  in con- 
t i nuous  da rknes s  on  t he  bac te r i zed  l e t t uce  m e d i u m  used 
in th i s  s t u d y  (Figures l a  and  lb ,  lower  curve),  conf i rming  
the  resul t s  of SIEGEL a n d  o the r s  1, ~, 7. The  r a t e  of increase  
and  t o t a l  yield of endogenous  chlorel la  popu la t ions  is 
g rea t ly  e n h a n c e d  b y  l igh t  (Figure la ,  u p p e r  2 curves).  
On t he  o the r  h a n d ,  g rowth  of hos t  p r o t o z o a n  popu la t ions  
is also e n h a n c e d  b y  l igh t  (Figure lb ,  u p p e r  2 curves).  
Since p a r a m e c i a  devo id  of algae are una f fec t ed  b y  light,  
these  resu l t s  e s t ab l i sh  t h a t  a lgal  p h o t o s y n t h e s i s  is d i rec t ly  

1 S. J. KARAKASHIAN, Physiol. Zool. 36, 52 (1963). 
2 S. J. KARAKASHIAN and M. KARAKASHIAN, Evolution 19, 368 

(1965). 
3 R. PADO, Folia biol. 73, 173 (1965). 
4 R. W. SIEGEL, Am. Nat. 92, 253 (1958). 
5 T. h{. SONNZBORN, J. expl Zool. 113, 87 (1950). 
6 E. PRINGSHEIM, Arch. Protistenk. 64, 289 (1928). 

R. W. SIEGEl., Expl Cell Res. 79, 239 (1950). 
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Fig. la. The effect of light of 2 intensities, 70 ft-e and 700 ft-c, on 
growth of endogenous Chlorella populations. Cell populations are 
expressed as logl0 number of cells/ml. 
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Fig. lb. The effect of light of 2 intensities, 70 ft-c and 700 if-c, 
on growth of host Paramecium populations. Cell populations arc 
expressed as lOgl0 number of cells/ml. 
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Fig. 2. Precise growth coordination of host and symbiont popula- 
tions with low bacterial food. Light intensity 1000 ft-c. 
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Fig. 3. Mean symbiont index (algal cell population/protozoan ceil) 
as a function of light intensity and time. 

or ind i rec t ly  s t i m u l a t i n g  r e p r o d u c t i o n  of the  p r o t o z o a n  
hos t  cells. O t h e r  e x p e r i m e n t s  d e m o n s t r a t e  how close t he  
cor re la t ion  of p o p u l a t i o n  g r o w t h  b y  t he  two p a r t n e r s  
can  be. I n  these  expe r imen t s ,  t he  a n i m a l  hos t s  p r e s u m a b l y  
were made  even  h i � 9  n u t r i t i o n a l l y  d e p e n d e n t  on t he i r  
p l a n t  s y m b i o n t s  b y  f u r t h e r  decreas ing  l ive bac te r i a l  food. 
This  was  accompl i shed  b y  a d d i n g  to  the  m e d i u m  s t rep to-  
myc in  (15 Fg/ml) and  penic i l l in  (400 U/ml) .  F igure  2 
shows t he  closely para l le l  g r o w t h  curves  of popu la t ions  
of t he  2 p a r t n e r s  u n d e r  these  cond i t ions  of low bac te r i a l  
food and  l igh t  of 1000 ft-c. 

F u r t h e r  ev idence  for r egu la t ion  is p resen ted  in F igure  3 
in  which  t he  m e a n  s y l n b i o n t  i ndex  is p l o t t ed  aga ins t  t i m e  
for  h igh  and  low l igh t  in tensi t ies .  S ta t i s t i ca l  ana lys i s  ha s  
shown t h a t  t he  2 sets of po in t s  for the  s t a t i o n a r y  phase  
of the  2 cul tures  (60-230 h) will  f i t  a c o m m o n  regress ion 
line. Also, t he re  is no cons i s t en t  t r e n d  in s y m b i o n t  index  
w i th  t ime.  T h u s  i t  is clear t h a t  in  th i s  e x p e r i m e n t  t he  
m e a n  s y m b i o n t  index  is i n d e p e n d e n t  of l igh t  i n t e n s i t y  
and  t ime,  sugges t ing  i n t e rna l  r egu la t ion  of some sort .  

Discussion.  I~ARAKASHIAN 1 proposed  t h a t  in P.  bur- 
sof ia  t he re  exis ts  a s t e a d y  s t a t e  in  s y m b i o n t  index.  The  
expe r imen t s  r epo r t ed  here  conf i rm t he  p roposa l  and  show 
ho w close t he  cor respondence  be t w een  t he  g rowth  curves  
of hos t  and  s y m b i o n t  popu la t i ons  can  be. PAD�9 3 found  
t h a t  P. bursaria cul tures ,  k e p t  for long per iods  in t he  
d a r k  on  bac te r i a l  food and  m a i n t a i n i n g  a low a n d  c o n s t a n t  

s y m b i o n t  index,  when  b r o u g h t  in to  the  l igh t  d e m o n s t r a t e  
w h a t  appea r s  to  be  a t e m p o r a r y  loss of regula t ion ,  t h e  
algae increas ing  in n u m b e r s  m u c h  fas te r  t h a n  t h e i r  pro to-  
zoan hos t s  ear ly  in th i s  per iod  of a d a p t a t i o n  to  t he  l ight.  
In  t he  second phase  of t he  a d a p t a t i o n  period,  t h e  algal  
g r o w t h  r a t e  oscil lates a r o u n d  i t ' s  f inal  s t ab le  g rowth  ra t e  
which  coincides  w i t h  t he  p r o t o z o a n  g rowth  ra te .  F ina l ly ,  
t he  r e p r o d u c t i v e  ra tes  of hos t  and  s y m b i o n t  become  
equa l  a n d  s table .  One gets  t he  impress ion  f rom the  algal  
g r o w t h  osci l la t ions  a n d  t he  l igh t  i ndependence  of t he  
s y m b i o n t  index  t h a t  t he  n u m b e r  of algae pe r  p r o t o z o a n  
cell is be ing  regu la ted  b y  t he  hos t  as suggested  b y  SIEGEL 7. 
Basical ly ,  hos t  e l abo ra t ed  r egu la t ion  could be  e i the r  b y  
means  of d i rec t  i nh ib i t i on  of a lgal  cell d iv i s ion  or b y  fre- 
q u e n t  r e m o v a l  of surp lus  algae. Eges t ion  7 a n d  d iges t ion  8 
of a lgal  cells b y  hos t  p ro tozoa  h a v e  been  obse rved  and  are 
possible  causes  of such r egu la t ion  now u n d e r  inves t iga -  
t iong-lZ. 

8 S. J .  KARAKASHIAN, IV[. KARAKASHIAN a n d  M. A. RUDZINSKA, 
J .  Pro tozool .  75, 113 (1968). 

9 The  a u t h o r ' s  t h a n k s  to Dr.  R.  SIEGEL for  k i n d l y  s u p p l y i n g  the  
cu l tu re  of P. bursaria a n d  for  adv ice  a n d  e n c o u r a g e m e n t .  

10 Much  of the  e x p e r i m e n t a l  w o r k  r e p o r t e d  here  was  ca r r i ed  o u t  at  
The B a r n e s  Bo tan i ca l  Labora to r i e s ,  The  Un ive r s i t y  of Chicago.  

11 S u p p o r t e d  b y  g r a n t s  f rom the  Soc ie ty  of S i g m a  Xi  a n d  the  
A m e r i c a n  Medical  Associa t ion .  
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Zusammeniassung. Es h a t  sich gezeigt, dass  eine nahe  
Wechse lbez iehung  zwischen der  Vermehrungsgeschwin-  
digkei t  der  symbio t i schen  Chloralla-Bev61kerung im -Pa- 
ramecium bursaria und  der  Vermehrungsgeschwind igke i t  
des Wir t s  bes teh t ,  wenn  m a n  diese Ku l tu r  der  Licht-  
e inwirkung ausse~zt. Die durchschn i t t l i che  (mittlere) An- 

zahl von Algenzellen pro Protozoenzel le  ist in Massenkul-  
tu ren  von  Lichtst~Lrke und  Einwirkungsze i t  unabh/ingig.  

D. WEIS 

Biology Department, The Cleveland State University, 
Cleveland (Ohio 44115, USA), 70 December 1968. 

On the Presence  of Mult ives icular  Bodies  in Leishmania donovani 

Single m e m b r a n e  l imi ted  cy toplasmic  bodies  con- 
ta in ing  smal l  vesicles enclosed in a smoo th  membrane ,  
called mul t ives icular  bodies, are of ten found in tile cyto-  
p lasm of m a n y  cellular types  in me tazoan  animals  
(HRUBAN and  RECHClGL1). The ma t r i x  of mul t ives icular  
bodies  shows the  ac t iv i ty  of acid phospha t a se  (MoE et  
a!.~ ). The role of these  bodies in lyric processes has  been 
d e m o n s t r a t e d  by  BIBERFELD et al. 3 and  by  SMITH and  
FARQUI~AR 4. I t  was suggested t h a t  mul t ives icular  bodies 
arise by  seques t ra t ion  of the  vesicles fo rmed in t h e  Golgi 
complex  (BIBERFELD et a l ) ;  ERICSSON and GLINSMANN 5; 
SMITH and  FARQUHAR4). 

I t  is the  purpose  of th is  paper  to repor t  on the  presence 
of tnul t ivesicular  bodies in Leishmania donovani, a para-  
sitic p ro tozoan  belonging to the  family Trypanosomat idae .  
The re la t ion of the  mul t ives icular  bodies of Leishmania 
to Golgi complex  will also be discussed. 

L. donovani was kep t  in vi t ro  for several  years  in 
d iphasic  m ed ium prepared  a c c o r d i n g  to T o m e  et  al. ~. 
For  e lectron microscopy the  cells were f ixed for 5 h a t  
4 ~ in 3% g lu ta ra ldehyde  buffered wi th  s-collidine. The 
cells were pos t f ixed  in 4% unbuffered  osmium te t rox ide  
solut ion for addi t iona l  14 h a t  the  same t empera tu re .  
Af te r  dehyd ra t i on  in ethanol ,  the  cells were e m b e d d e d  in 
E p o n  812. The sect ions were s ta ined  wi th  lead ci trate.  

All cells p resen t  in the  cul ture med ium were in the  
l ep tomonad  form. For  general  u l t r a s t ruc tu ra l  da t a  of 
these  cells, see original  papers  by  ~UDZINSKA et  al. ~ and 
DJACZENKO et al. s. The Golgi complex  of Leishmania was 
mos t  f r equen t ly  s i tua ted  in a j ux t anuc lea r  posi t ion 
(Figure 1). I t  was composed  of paral lel  a r rays  of f l a t t ened  
sacs and  vacuoles.  Some of t h e m  were s l ight ly d i s tended  
and  con ta ined  accumula t ions  of small  smooth-wal led  
vesicles wi th  wa t e ry  content .  The a m o u n t  of vesicles 
per  single Golgi complex  was variable.  Mult ivesicular  
bodies  of L. donovani (Figures 2 and  3) were l imi ted  by  
a single m e m b r a n e  95 A thick.  The whole inter ior  of 
the  b o d y  was t igh t ly  packed wi th  vesicles hav ing  similar  

morphological  proper t ies  as the  vesicles seen in t he  Golgi 
complex.  Some of the  vesicles had  the  t en d en cy  to  dis- 
solve in the  ma t r i x  of the  body.  In  some ins tances  t he  

I Z. HRUBAN and M. RECHCIGL, Int. Rev. Cytol., in press (1969). 
2 H. MOE, J. ROSTGAARD and O. BEHNKE, J. Ultrastruct. Res. 72, 

396 (1965). 
a p. BIBERFELD, J.  L. E. ERICSSON, P. PERLMAN and M. RAFTELL, 

Z. Zellforseh. 71, 153 (1966). 
4 R. E. SMITH and M. G. FARQUHAR, J. Cell Biol. 31, 319 (1966). 
5 j .  L. E. ERICSSON and W. H. GLINSMANN, Lab. Invest. 75, 750 

(1966). 
6 g .  J .  TOBIE, T. VON BRAND and g .  MEHLMAN, J.  Parasi tol .  35, 

48 (1950). 
M. A. RUDZII~ISKA, P. A. D'ALESSANDRO and W. TRADER, J. Proto- 
zool. 11, 160 (1964). 

s W. DJACZENKO, F. FILADORO and R. PEZZI, Riv. Biol., in press 
(1969). 

Fig. 1. Golgi complex (G) contains in one of its sacs small smooth 
vesicles (arrow). Multivesicular body (mv) is seen in the proximity 
of the Golgi complex. The nucleus (N) contains prominent nncleolus 
(n). At the cellular periphery is visible a mitochondrion (m). A part 
of the flagellum is marked (F). • 36,000. 


