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Minimum lethal doses of phosphamidon on test animals 

Name of test animal Average LD100  Average 
size (in time for 
(in mm) ppm) lethal action 

(in h) 

(a) Fishes : 

Labeo rokita (Ham.) 
fry 24.4 150 34.6 -101.7 
early fingerling 42.5 200 29.1 - 61.2 
late fingerling 87.1 250 13.8 -109.6 
Amphipnous cuchia (Ham.) 139.0 20 62.0 
Channa punctatus (BI.) 
fry 21.8 30 2.1 -135.6 
fingerling 43.2 40 4.9 - 52.9 
adult  108.0 50 70.5 
Nandus nandus (Ham.) 46.25 50 19.6 - 31.1 
Trichogaster /asciatus (BI. Sch n.) 
adult  66.1 50 51.7 - 72.2 
Anabas testudineus (B1.) adult  86.0 100 64.9 -138.25 
Heteropneustes /ossilis (BI.) 
fry 35.16 100 44.36-130.4 
fingerling 57.7 110 36.9 - 60.9 
Mystusvittatus (BI.) adult  59.9 125 42.25- 50.75 

(b) Insects: 

Dysticus sp. adult  10.25 2 93.3 -1 l 5.3 
Dragon-fly nymph 12.7 2 61.9 
Notonecta sp. adult  8.12 4 4.9 - 68.4 
Sphaerodema sp. adult  24.0 4 21.5 - 67.5 
Ranatra sp. adult  30.0 5 36.4 93.4 
Nepa sp. adult  18.2 5 14,75-134.75 
Bdostoma sp. adult  77.0 10 19.0 
Hydrophilus sp. adult  30.0 10 13.0 

T h e  r e s u l t s  c o n t r a d i c t  t h e  a s s e r t i o n  of  GANGULY a n d  
MITRA a, w h o  t h i n k  t h a t  e r a d i c a t i o n  o f  i n s e c t s  f r o m  n u r -  
s e r y  t a n k s  b y  t h e  u s e  o f  c h e m i c a l s  is n o t  pos s ib l e ,  a n d  t h a t  
t h e y  c a n  be  e l i m i n a t e d  o n l y  w i t h  t h e  h e l p  o f  s m a l l  m e s h  
d r a g  n e t s .  

T h e  r e s u l t s  g i v e n  in  t h e  T a b l e  a l so  s h o w  t h a t ,  wh i l e  
e v e n  t h e  y o u n g  s t a g e s  ( f ry  a n d  f i n g e r l i n g s )  of  t h e  c a r p  
Labeo d ie  in  1 5 0 - 2 5 0  p p m  o f  p h o s p h a m i d o n ,  t h e  p r e d a t o r y  
f i s h e s  Nandus,  Amphipnous ,  Channa ( f ry ,  f i n g e r l i n g  a n d  
a d u l t ) ,  a n d  Trichogaster 4 ( adu l t )  a r e  e r a d i c a t e d  in  50 p p m  
o r  less .  Heteropneustes ( f ry  a n d  f i n g e r l i n g )  a n d  A nabas a n d  
Mystus  ( a d u l t s )  d ie  in  a c o n c e n t r a t i o n  o f  1 0 0 - 1 2 5  p p m .  Al l  
i n s e c t  p r e d a t o r s  e x p e r i m e n t e d  u p o n  a r e  u n a b l e  t o  s u r v i v e  
e v e n  as  low a c o n c e n t r a t i o n  o f  t h e  p o i s o n  as  10 p p m  o r  
lower .  

I n  o t h e r  w o r d s ,  b y  u s i n g  a c o n c e n t r a t i o n  o f  10 p p m  of  
p h o s p h a m i d o n ,  i t  a p p e a r s  t h a t  m o s t  i n s e c t  p r e d a t o r s  c a n  
be  e r a d i c a t e d  f r o m  f l e s h - w a t e r  r e s e r v o i r s  w i t h o u t  a f f e c t -  
i n g  t h e  f i sh  p o p u l a t i o n  a t  all ,  a n d  b y  e m p l o y i n g  1 0 0 - 1 2 5  
p p m  of  t h e  c h e m i c a l  m o s t  o f  t h e  p r e d a t o r y  f i sh  c a n  a l so  
be  r e m o v e d .  

Zusammen[assung. L a b o r a t o r i u m s e x p e r i m e n t e  m i t  P h o s -  
p h a m i d o n  e r g e b e n  e ine  g t i n s t i g e  k r i t i s c h e  D o s i s e m p f i n d -  
l i c h k e i t  fi ir  L a b e o - K a r p f e n  ( 1 5 0 - 2 5 0  p p m ) .  E s  g e l i n g t  so  
l e i ch t ,  W a s s e r i n s e k t e n  ( 2 - 1 0  p p m )  u n d  R a u b f i s c h s t a d i e n  
( 2 0 - 1 2 5  p p m )  a u s  d e n  F r i s c h w a s s e r r e s e r v o i r e n  zu  e l im i -  
n i e r en .  
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S t r u c t u r e  o f  t h e  C e n t r o m e r e  i n  T e l o c e n t r i c  

C h r o m o s o m e s  

K o s L o v  x a n d  SCHRADER 2 m a i n t a i n e d  t h a t  c e n t r o m e r e s  
p o s s e s s e d  o n e  s p h e r u l e  for  e v e r y  c h r o m a t i d .  S o m e  t i m e  
a f t e r  t h i s  (1947) i t  w a s  p r o v e d  b y  OSTERGREN a t h a t  t h e  
t w o  s p h e r u l e s  w e r e  l o n g i t u d i n a l l y  d o u b l e .  T h e n ,  LIMA- 
DE-FARIA 4 - n ,  in  a s e r i e s  of  e x c e l l e n t  s t u d i e s  p u b l i s h e d  
b e t w e e n  1949 a n d  1958, d e a l i n g  w i t h  t h e  c e n t r o m e r e  in 
c h r o m o s o m e s  in  m e i o s i s  a n d  m i t o s i s ,  c a m e  to  t h e  c o n c l u -  
s i o n  t h a t  t h e  c e n t r o m e r e s  in  p a c h y t e n e  (in t h e  c a s e  of  
rye )  w e r e  c o m p o s e d  of  t h r e e  z o n e s  : a n  i n n e r  zone ,  f o r m e d  
b y  t w o  s m a l l  c h r o m o m e r e s ,  o n  t h e  t h r e s h o l d  of  m i c r o -  
s c o p i c  v i s i b i l i t y ;  a s e c o n d  zone ,  o u t s i d e  t h i s ,  c o n s i s t i n g  
of  t h e  t w o  l a r g e r  c h r o m o m e r e s ;  a n d  a t h i r d  z o n e  c o n s i s t -  
i n g  o f  f i b r e s  c o n n e c t i n g  t h e  l a r g e r  c h r o m o m e r e s  in t h e  
s e c o n d  z o n e  w i t h  t h e  a r m s .  T h i s  b a s i c  t y p e  w a s  d e s c r i b e d  
b y  T j I o  a n d  LEVAN 12 in  t h e  p r o p h a s e  a n d  m e t a p h a s e  of  
t h e  m i t o s i s ,  b u t  t h e  i n n e r m o s t  z o n e  o f  s m a l l  c h r o m o m e r e s  
c o u l d  n o t  b e  o b s e r v e d .  O n  t h e  o t h e r  h a n d ,  in  t h e i r  s t u d y  
of  a s c i t i c  t u r n o u t  ce l ls  in  m i c e ,  T j i o  a n d  LEVAN 13 de-  
s c r i b e d  t h e  t e r m i n a l  c e n t r o m e r e s  o f  t h e  c h r o m o s o m e s  in  
t h e i r  c a s e  a s  c o n s i s t i n g  o f  a s i n g l e  c h r o m o m e r e  w h i c h  
was ,  h o w e v e r ,  p r o l o n g e d  i n  s u c h  a w a y  as  s o m e t i m e s  t o  
g i v e  t h e  i m p r e s s i o n  o f  a se r i e s  o f  s m a l l  c h r o m o m e r e s  o n e  
n e x t  t o  a n o t h e r .  

Material and methods. T h e  m a t e r i a l  for  o b s e r v a t i o n  w a s  
f r o m  c h r o m o s o m e s  b e l o n g i n g  to  t h e  cel ls  o f  a h y p e r -  
t r i p l o i d  E h r l i c h ' s  a s c i t i s  t u m o u r .  P r o c e s s i n g  c o n s i s t e d  o f  
20 m i n  e x p o s u r e  t o  h y p o t o n i c i t y  a c h i e v e d  b y  a d d i n g  
t h r e e  t i m e s  t h e  v o l u m e  of  d i s t i l l e d  w a t e r  to  t h e  a s c i t i s  
l iqu id .  T h e  f i x a t i o n  a n d  s p r e a d i n g  w a s  m a d e  a c c o r d i n g  
tO TJIO a n d  WHANG'S 14 t e c h n i q u e ,  u s i n g  G i e m s a  for  
s t a i n i n g .  

Observations and discussion. I n  t h e  o p i n i o n  of  T j I o  a n d  
LEVAN la, t h e  o b s e r v a t i o n  of  t h e  c e n t r o m e r e  in  t h e  t e lo -  
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cen t r i c  c h r o m o s o m e s  of mice is due  to p r e - t r e a t m e n t  w i t h  
8-oxyquinole ine .  Our  own obse rva t i ons  of m o n o c h r o m e -  
mer le  s t r u c t u r e s  h a v e  been  a f r equen t  occur rence  w i t h o u t  
p r e - t r e a t m e n t .  

T h e  s t r u c t u r e  of t he  c e n t r o m e r e  is to  all  a p p e a r a n c e s  
l ike a ha l f  of t h a t  n o r m a l l y  o b s e r v e d  in the  c h r o m o s o m e s  
of  p l a n t s  in  m e t a p h a s e .  I t  looks as  if i t  were  composed  
of a doub le  spherule ,  t he  two ha lves  of w h i c h  t a k e  d iver -  
gen t  d i rec t ions  a t  t he  end  of  t he  m e t a p h a s e .  T h e  ch romo-  
mere  is t he  f irst  p o i n t  in  t he  c h r o m o s o m e  f rom wh ich  t he  
m o v e m e n t  t owards  t h e  poles  begins ,  w h i c h  sugges ts  t h a t  
t he  f ibres c o m p o s i n g  t he  sp ind le  fix t h e m s e l v e s  o n t o  t he  
ch romomere ,  a n d  the  res t  of t h e  c h r o m o s o m e  is a t t r a c t e d  
t h r o u g h  it. 

The  t y p e  of c e n t r o m e r e  we h a v e  desc r ibed  r ep re sen t s  a 
ha l f  of t he  c e n t r o m e r e  wh ich  is desc r ibed  b y  LIMA-DE- 
FARIA, TJIO, a n d  LEVAN. The  ques t ion  of t he  exis tence ,  
or non-ex i s tence ,  of t e r m i n a l  c e n t r o m e r e s  ha s  been  the  
sub j ec t  of m u c h  discussion,  some people  even  going  so 

Fig. 1. a and b, Monochromomeric terminal ce,tromeres, c and d, The 
same chromosomes observed with phase contrast. 

Fig. 2. Metaphase plate in cell of ascitis tumour. The quadruple 
centromeric structure in the metacentric marker chromosome can be 

observed. 

far  as to  a d v a n c e  t h e  op in ion  t h a t  all c h r o m o s o m e s ,  
t h o u g h  a p p a r e n t l y  te locent r ic ,  r ea l ly  possessed two a rms .  
WHITE 15 is O:[ the  op in ion  t h a t  t h e r e  are  two  k i n d s  of 
t e r m i n a l  c e n t r o m e r e s :  those  which  are  t h e  r e su l t  of mis-  
d iv i s ion  a n d  t rue  t e r m i n a l  c e n t r o m e r e s  f rom n a t u r a l  
t e locen t r i c  ch romosomes .  A n d  i t  is these  l a t t e r  w h i c h  are,  
in  fact ,  s tab le .  

MELANDER 18 found,  in  t h e  t e locen t r i c  c h r o m o s o m e s  of  
Ulophisema, t h a t  in  th i s  case ' e ach  c h r o m a t i d  ends  ill 
two  m i n u t e s  a n d  c lear ly  s t a i n a b l e  globules,  w h i c h  a re  
s e p a r a t e d  b y  less s t a i n ed  ma te r i a l .  T h u s  t h e  fu n c t i o n i n g  
k ine tochore  cons i s t s  of  four  s t a ined  c o m p o n e n t s  ly ing  
close t o g e t h e r  in  pa i r s ' ,  w h i c h  shows t h a t  t h i s  t y p e  of 
c e n t r o m e r e  m i g h t  well r e semble  t h a t  of a m e t a c e n t r i c  
ch romosome ,  even  in  t h e  case of a t e locen t r i c  ch romosome .  
I n  t h e  m o n o c h r o m o m e r i c  t y p e  we h a v e  m e n t i o n e d  t h e  
size of t h e  single spheru les  co r re sponds  to  t h a t  of t h e  
spheru les  found  in t h e  cen t ro mere s  of c h r o m o s o m e s  of 
All ium cepa, t h e i r  s t r u c t u r e  be ing  a p p a r e n t l y  ha l f  t h a t  
of the  l a t t e r .  

I n  pr inc ip le  we m a y  accep t  t h e  op in ion  acco rd ing  to  
which  the re  are two d i f f e ren t  k inds  of t e r m i n a l  c en t r e -  
meres :  (a) those  wh ich  are s t r u c t u r a l l y  iden t i ca l  w i t h  t h e  
c e n t r o m e r e s  of m e t a c e n t r i c  ch romosomes ,  a n d  (b) those  
w h i c h  cons is t  morpho log ica l ly  of ha l f  t h e  s t r u c t u r e  of t h e  
f i rs t  k ind.  This  would  also be  in acco rdance  w i th  t h e  
p o s t u l a t e  w h i c h  denies  t h a t  t h e r e  is one  single s t r u c t u r a l  
p a t t e r n  to be found  in  t h e  c e n t r o m e r e s  of m e t a c e n t r i c  
ch romosomes ,  w h i c h  m a y  v a r y  in  s t r u c t u r e  so as  to  em-  
b race  v a r i o u s  forms,  f rom t h e  t ypes  desc r ibed  b y  LIMA- 
DE-FARIA to  t h e  p o l y e h r o m o m e r i c  t y p e  ~,  a n d  t h e  dif-  
fused c e n t r o m e r e s  1. o b s e r v e d  in  the  genus  Luzula. Thi s  
sugges ts  t h a t  cen t romeres ,  a l t h o u g h  t h e y  m a y  di f fer  
morpholog ica l ly ,  are  iden t i ca l  in  t h e i r  d y n a m i c  p ro p e r -  
ties. ~*~ATGUURA a n d  KURABAIASH119 o b s e r v e d  t h e  pos-  
s ib i l i ty  of  fusion b e t w een  c e n t r o m e r e s  f rom d i f fe ren t  
ch romosomes ,  a n d  conc luded  t h a t  all  c e n t r o m e r e s  are  
homologous .  

T h e  ex i s tence  of t h e  m o n o c h r o l n o n i e r i c  t y p e  m a y  
po in t  to  i t s  be ing  the  s imp les t  fo rm of local ized c e n t r e -  
mere,  a n d  hence ,  possibly,  t h e  m o s t  p r imi t i ve .  T h e  
c e n t r o m e r e s  of m e t a c e n t r i c  c h r o m o s o m e s  would  t h e n  be  
t h e  resu l t  of a cen t r i c  u n i o n  b e t w e e n  t e locen t r i c  ch ro mo -  
somes,  in  wh ich  R o b e r t s o n ' s  l aw would  acqu i re  i t s  full 
s ignif icance.  I n  t h e  case of asci t ic  t u m o u r  cells, t h e  m e t a -  
cen t r i c  m a r k e r  c h r o m o s o m e  is c h a r a c t e r i z e d  b y  the  pos- 
session of a c e n t r o m e r e  of t h e  same t y p e  as t h a t  desc r ibed  
b y  T j i o  a n d  LEVAN in p lan t s .  Th i s  ch romosome ,  fo rmed  
w i t h i n  a k a r y o t y p e  in wh ich  all  c h r o m o s o m e s  are  te lo-  
cent r ic ,  w i t h  m o n o c h r o m o m e r i c  cen t romeres ,  was  in  al l  
p r o b a b i l i t y  fo rmed  b y  t h e  fusion of t w o  t e locen t r i c  
ch romosomes .  

Rdsumd. Les cen t rom~res  t e r m i n a u x  se p r 6 s e n t e n t  
c o m m e  form6s  p a r  u n  ch romom~re .  L e u r  s t r u c t u r e  ap-  
p a r a t t  c o m m e  la moi t i~  de  la s t r u c t u r e  c e n t r o m ~ r i q u e  des  
c h r o m o s o m e s  m 6 t a c e n t r i q u e s .  

G. GIMI~NEz-MARTIN, J.  F. L6VEz-Si,  EZ, 
a n d  A. MARCOS-~{ORENO 

Seccidn de Citologia, Institute de Biologta Celular, 
CSIC,  Madrid (Spain), February 9, 1965. 

15 M. J. D. WHITE, Cambridge (1948). 
16 y. MELANDER, Hereditas 36, 233 (1950). 
17 G. GIMI~NEZ-MARTfN, Fiton 11, 139 (1958). 
18 C. D. MALHEIROS and A. CAMARA, Agronomia Lusitana 9, 51 (1947). 
19 ~-1. i~{ATSUURA and M. KURABAYA~HI, Chromosoma 4, 273 (1951). 


