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ch i ckens  m a i n t a i n e d  in  t i ssue  cu l t u r e  were  h a r v e s t e d  a n d  
i n o c u l a t e d  i n t o  t e s t  t u b e s  c o n t a i n i n g  covers l ips .  W h e n  t h e  
cells h a d  fo rmed  a m o d e r a t e l y  h e a v y  sheet ,  t h e  covers l ips  
were  r e m o v e d  f r o m  severa l  t u b e s  i n o c u l a t e d  w i t h  a g iven  
t u m o r  cell or t r a n s f o r m e d  cell l ine,  f ixed a n d  s t a i n e d  b y  
t h e  m e t h o d  of KLINGER a n d  LUDWIG 1° for lv;icroscopic 
e x a m i n a t i o n .  

T h e  p e r c e n t a g e  of  ceils c o n t a i n i n g  sex  c h r o m a t i n  was  
d e t e r m i n e d  b y  e x a m i n i n g  t h e  cells on  seve ra l  covers l ips  
p r e p a r e d  f rom each  cu l ture ,  as n o t e d  in t h e  Table .  T h e  
t r a n s f o r m e d  ch ick  e m b r y o  cells a p p e a r e d  to  b e  of ma le  
or ig in  as t h e y  showed  sex c h r o m a t i n  in  3 .5% of t h e  cells, 
t h u s  fa l l ing w i t h i n  t h e  r a n g e  of 1.0 to  5 .4% w h i c h  KosIN 
a n d  ISmZAKt 6 h a d  s h o w n  to  be  c h a r a c t e r i s t i c  of  ma le  cells 
f rom t h e  ba se  of a g rowing  f e a t h e r  in  3-week-old N e w  
H a m p s h i r e  chickens ,  w he r ea s  female  cells s h o w e d  sex 
c h r o m a t i n  in  f rom 35 to  52%.  I n  all  m a l e  or  female  
chickens ,  t h e  cells c u l t i v a t e d  f rom t he  t u m o r s  i nduced  b y  
t he  t r a n s f o r m e d  male  cells s h o w e d  t h e  ma le  p a t t e r n  of sex  
c h r o m a t i n ,  i n d i c a t i n g  t h a t  t h e  t u m o r  was  c o m p o s e d  
m a i n l y  of t h e  ma le  d o n o r  cells in jec ted .  O n  t h e  o t h e r  
h a n d ,  t h e  t u m o r  cells f r om sa r comas  i n d u c e d  b y  i n o c u l a t i o n  
of v i rus  showed  t h e  sex c h r o m a t i n  p a t t e r n  c h a r a c t e r i s t i c  
of t h e  sex  of t h e  h o s t  ch icken .  

These  r e su l t s  i nd i ca t e  t h a t  ch i ck  e m b r y o  cells in fec ted  
w i t h  R o u s  s a r c o m a  v i ru s  in vitro are  m a l i g n a n t  a n d  
p r o d u c e  s a r c o m a s  w h e n  i n t r o d u c e d  i n t o  t h e  wing  w eb  
t i s sues  of t h e  s a m e  i n b r e d  s t r a i n  of w h i t e  L e g h o r n  
ch i ckens  f r o m  w h i c h  t h e  e m b r y o n i c  t i s sue  was  o b t a i n e d .  

Rdsumd. Des cu l t u r e s  de  cel lules d ' e m b r y o n s  de  p o u l e t  
ma les  infec t6es  avec  le v i ru s  d u  s a r c6m e  de  R o n s  s e n t  
canc6r ig~nes  lorsqu 'e l les  s e n t  inocul6es  d a n s  t ' a i le  de  
pouters  de  la  m ~ m e  souche  L e g h o r n  ( ' i nb red ' ) .  Les  sa t -  

Sex Chromatin in Cells 

Source of cells Number 
of cells 
counted 

% of cells 
containing 
sex chromatin 

Virus-transformed chick embryo donor cells 
200 3.5 

Transformed-cell-induced tumor 
from male 1 200 2.0 

2 200 3.0 
3 200 7.0 
4 ~00 1.0 

from female 1 ~00 4.0 
2 200 4.0 
3 200 4.0 
4 200 3.0 

Virus-induced tumor 
from male 300 3.6 
from female 300 43.6 

c6mes  p r o d u i t s  dans l ' a n i m a l  e t  les cel lules tTansform4es  
en  cu l t u r e  o u t  la  m ~ m e  c h r o m a t i n e  sexuel le  m£1e, m ~ m e  si 
les t u m e u r s  se s e n t  d6velopp6es  d a n s  des femelles.  Au  
cont ra i re ,  si les t u m e u r s  s e n t  p r o d u i t e s  p a r  le v i rus ,  e t  n o n  
pas  p a r  des  cel lules infect6es,  la c h r o m a t i n e  es t  d u  m 6 m e  
sexe  que  l ' a n i m a l  r4cep teur .  

H. R. MORGAN and A. P. ANDRESE 

Department o/ Bacteriology, University o/Rochester School el 
Medicine and Dentistry, Rochester (New York), March 28, 
1961. 

~ H. P. KLINGER and K. S. LUDWIG, Stain Technology 32, 235 (1957), 

E f f e c t s  of  C a l c i u m  on  t h e  S p o n t a n e o u s  C o n t r a c -  
t i o n s  of  t h e  I s o l a t e d  V e n t r i c l e  of  t h e  S n a i l  Helix 

p o m a t i a  

D u r i n g  the l a s t  decade  i t  h a s  b e e n  p o s t u l a t e d  t h a t  
ca l c ium ions  p l a y  a n  essen t i a l  p a r t  in  t h e  d e v e l o p m e n t  of 
t e n s i o n  b y  a musc le  b y  f o r m i n g  a l i nk  b e t w e e n  e lec t r ica l  
p h e n o m e n a  a t  t h e  f ibre  m e m b r a n e  (exc i ta t ion)  a n d  t h e  
m e c h a n i c a l  r e sponse  (con t rac t ion)1-s .  A second a c t i o n  of 
c a l c i u m  is to  s tab i l i ze  a n  exc i t ab l e  m e m b r a n e  b y  ra i s ing  
t h e  t h r e s h o l d  to  s t i m u l a t i o n  a-s. 5~olluscan h e a r t s  do  n o t  
in  genera l  r e s p o n d  to  a l t e r a t i o n s  of ca l c ium c o n c e n t r a t i o n  
in t h e  s ame  w a y  as do v e r t e b r a t e  hea r t s .  F o r  example ,  in  
t h e  s p o n t a n e o u s l y  c o n t r a c t i n g  f rog 's  h e a r t  ca l c ium- r i ch  
so lu t ions  lead  to  sys to l ic  a r r e s t  9, a n d  ca lc ium-def i c i en t  
so lu t ions  to  d ias to l ic  a r r e s t  ~o, w h i l s t i n  Helix t h e  oppos i te  
occurs  n .  The  effects  of  c a l c i um  on  t h e  s p o n t a n e o u s  
a c t i v i t y  of Helix v e n t r i c u l a r  musc le  h a v e  t he r e fo re  been  
e x a m i n e d  to  see w h e t h e r  c a l c i um  h a s  a f u n d a m e n t a l l y  
d i f f e ren t  ac t ion  in  t h i s  t i s sue  c o m p a r e d  w i t h  t h a t  in  o t h e r  
(pa r t i cu l a r ly  v e r t e b r a t e )  h e a r t  muscle .  T h e  resu l t s  ob-  
t a i n e d  so fa r  agree  in t h e  m a i n  w i t h  c u r r e n t  ideas  a b o u t  
t h e  a c t i o n  of ca lc ium,  for  ca l c ium- r i ch  so lu t ions  f a v o u r  
t h e  d e v e l o p m e n t  of t ens ion  a n d  ca lc ium-def ic ient ,  solu- 
t ions  inc rease  t h e  exc i t ab i l i t y  of t h e  t issue.  

S p o n t a n e o u s  c o n t r a c t i o n s  of t he  ven t r i c l e  were r ecorded  
i somet r i ca l ly  b y  a mechano-e l ec t r i c  t r a n s d u c e r  (RCA 
5734) a f t e r  m e c h a n i c a l  r e d u c t i o n  b y  a sp r ing- loaded  lever .  
%Vith t h i s  s y s t e m  t h e  m a x i m u m  s h o r t e n i n g  of  t h e  v e n t r i c l e  
was  n e v e r  m o r e  t h a n  5 %  of t h e  r e s t i ng  l eng th .  M a x i m u m  
t ens ion  was  deve loped  d u r i n g  a c o n t r a c t i o n  w h e n  t h e  

ven t r i c l e  was  s t r e t c h e d  to  p r o d u c e  a r e s t i n g  t en s ion  of 
1-2  g. T h e  phys io log ica l  sa l ine  c o n t a i n e d  ( raM):  N a  + 85, 
K + 4, Ca 2+ 9, Mg2+ 14, C1- 130, HCO a- 5. 

As t h e  c o n t r a c t i n g  ven t r i c l e  is sens i t ive  to  increases  in  
t h e  t o n i c i t y  of t h e  sal ine,  t h e  effects  of ca l c ium- r i ch  
so lu t ions  h a d  to  b e  s t ud i ed  i n  a sa l ine  w i t h  r e d u c e d  
s o d i u m  chlor ide  c o n c e n t r a t i o n .  These  e x p e r i m e n t s  were  
con t ro l l ed  b y  o the r s  in  w h i c h  t h e  effects  of low s o d i u m  
chlor ide  c o n c e n t r a t i o n  a lone  were de t e rmined ,  i so ton ic i ty  
be ing  m a i n t a i n e d  w i t h  sucrose.  W h e n  t h e  ca l c ium chlor ide  
concen t ra t ion ,  was  reduced ,  i so ton ic i ty  was m a i n t a i n e d  b y  
e i t h e r  s o d i u m  ch lo r ide  or  sucrose.  

T h e  v e n t r i c u l a r  c o n t r a c t i o n  r a t e  increases  as  t h e  
ca lc ium c o n c e n t r a t i o n  is decreased,  a n d  ca l c ium chlor ide  
can  usua l ly  be  o m i t t e d  f rom the  sal ine w i t h o u t  i n h i b i t i n g  
t h e  s p o n t a n e o u s  con t r ac t ions .  ( 'Ca lc ium-f ree '  sa l ine  ac tu -  
a l ly  co r r e sponds  to  severe  dep l e t i on  of ca l c ium on ly  as no  
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specia l  p r e c a u t i o n s  were  t a k e n  to  r e m o v e  t he  las t  t r aces  
of t h i s  ion  f rom t h e  o t h e r  sa l t s  used in t h e  sal ine,  or  f r o m  
sal ine  a d h e r i n g  t o  t h e  p r e p a r a t i o n  w h e n  t h e  so lu t ions  
were  changed) .  T h e  r e l a t i o n s h i p  b e t w e e n  m a x i m u m  
t e n s i o n  deve loped  d u r i n g  a c o n t r a c t i o n ,  t h e  c o n t r a c t i o n  
ra te ,  a n d  low-ca lc ium c o n c e n t r a t i o n s  is s h o w n  in  F i g u r e  1. 
T h e  response  is s imi la r  w h e t h e r  i so ton ic i ty  is m a i n t a i n e d  
b y  s o d i u m  chlor ide  (F igure  1 a) or  b y  sucrose  (Figure  1 b), 
i n d i c a t i n g  t h a t  n e i t h e r  t he  sma l l  increase  in s o d i u m  con-  
c e n t r a t i o n  in  t h e  one  n o r  t h e  r e d u c t i o n  in  t o t a l  ch lor ide  
c o n c e n t r a t i o n  in  t he  o t h e r  ha s  a n y  in t r ins i c  effect.  T h e  
increase  in t h e  c o n t r a c t i o n  r a t e  is due  to  a s h o r t e n i n g  of 
t he  d ias to l ic  pe r iod ;  t he  r a t e s  of rise a n d  of d e c a y  of 
t en s ion  r e m a i n  u n c h a n g e d .  

I n  ca lc ium-f ree  sa l ine  t h e  d ias to l ic  t one  inc reases  (con- 
t r a c t u r e ) ,  b u t  c o n t r a c t i o n s  were  i n h i b i t e d  in  o n l y  one  
p r e p a r a t i o n .  Pos s ib ly  t h e  c a l c i u m  r e m a i n i n g  in  t h e  b a t h  
is su f f i c ien t  to  p re se rve  con t r ac t i l i t y .  I t  h a s  b e e n  s h o w n  
t h a t  on ly  a sma l l  a m o u n t  of ca l c ium is needed  in  t h e  
so lu t ion  b a t h i n g  a f rog ' s  musc le  to  enab le  i t  to  deve l op  
t ens ion  3. A second  f ac to r  m a y  be  t h e  v e r y  h i g h  i n t r a -  
cel lular  ca l c ium c o n c e n t r a t i o n  ( >  100 raM)1~  

I n c r e a s i n g  t h e  ca l c ium c o n c e n t r a t i o n  a t  t h e  expense  of 
s o d i u m  leads to  a n  increase  in  t h e  m a x i m u m  tens ion  
deve loped  d u r i n g  each  con t r ac t i on ,  a n d  a t  v e r y  h i g h  
ca l c ium c o n c e n t r a t i o n s  (35-45 raM)  to  a decrease  in t h e  
c o n t r a c t i o n  ra te .  T h e  r e l a t i o n s h i p  b e t w e e n  c o n t r a c t i o n  
ra te ,  t ens ion ,  a n d  excess  c a l c i um  c o n c e n t r a t i o n  is s h o w n  
in  F igu re  2. T h e  effect  of  low s o d i u m  c o n c e n t r a t i o n s  a lone  

is to  p roduce  a s lowing  of t h e  c o n t r a c t i o n  ra te ,  b u t  no  in-  
crease in  t e n s i o n ;  o f t en  t h e  c o n t r a c t i o n s  b e c o m e  i r regular ,  
a n d  a t  v e r y  low s o d i u m  c o n c e n t r a t i o n s  t h e y  m a y  be  i n -  
h i b i t e d  a l toge the r .  

Ca lc ium c a n  c o m p e n s a t e  for  m o d e r a t e  decreases  in  
s o d i u m  c o n c e n t r a t i o n .  I t  was  r egu la r ly  obse rved  t h a t  w i t h  
t he  ca lc ium c o n c e n t r a t i o n  inc reased  to  18 raM,  a n d  t h e  
s o d i u m  c o n c e n t r a t i o n  r educed  b y  27 raM, no decrease  in 
c o n t r a c t i o n  r a t e  was  seen, a l t h o u g h  a s imi la r  r e d u c t i o n  of 
s o d i u m  c o n c e n t r a t i o n  a lone  d id  lead to  a decreased  con-  
t r a c t i o n  ra te .  A t  h i g h e r  ca l c ium c o n c e n t r a t i o n s  a decrease  
in  r a t e  was  observed ,  w h i c h  could  be  due  to  e i t h e r  t h e  
d a m p i n g  effect  of ca l c ium on  t h e  e x c i t a b i l i t y  of t h e  t issue,  
or  t o  t h e  ca lc ium be ing  u n a b l e  to  c o m p l e t e l y  c o m p e n s a t e  
for  t h e  s i m u l t a n e o u s  decrease  in  s o d i u m  c o n c e n t r a t i o n .  
I t  was  n o t  poss ible  to  pos i t i ve ly  d i s t i ngu i sh  be tweef i  
these  two  possibi l i t ies ,  b u t  n o n e  of t h e  i r regu la r i t i e s  of t h e  
c o n t r a c t i o n s  t h a t  f r e q u e n t l y  a c c o m p a n y  a c h a n g e  to  low 
s o d i u m  c o n c e n t r a t i o n s  a lone  were seen  if t h e  c a l c ium 
c o n c e n t r a t i o n  was  ra i sed  s imu l t aneous ly .  

T h e  s h a p e  of t he  r ecorded  c o n t r a c t i o n  a l t e r s  as t h e  
ca l c ium c o n c e n t r a t i o n  is ra i sed .  Cont raCt ions  r eco rded  
f rom a p r e p a r a t i o n  in n o r m a l  sal ine a n d  i n  sa l ine  w i t h  
45 m M  ca lc ium are  s h o w n  in F igu re  3. The  t w o  t y p e s  of 
c o n t r a c t i o n  differ  in  t h a t  (a) t h e  r a t e  of rise of t en s ion  is 
g r ea t e r  in  t he  ca l c ium- r i ch  sal ine,  b e i n g  in th i s  i n s t a n c e  
1.25 g/see c o m p a r e d  to  a r a t e  of 0.97 g/see in  n o r m a l  
sal ine,  a n d  (b) t h e  r e l a x a t i o n  t i m e  is longer  in  ca l c ium- r i ch  
sa l ine  (6.6 sec c o m p a r e d  to  4.3 sec in  n o r m a l  saline).  
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Fig. 1. The relationship between low-calcium concentrations, con- 
traction rate and the maximum tension of each contraction (t~na~). 
(a) Tonieity maintained Withsodium chloride (3 mM NaCI for every 
2 mM decrease in CaCI~). (b)Tonicity maintained with sucrose. 
Closed circles show the contraction rate and the open circles the 

tension. 
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Fig. 3. The shapes of contractions recorded from a ventricle in A, 
saline with 45 mM Ca ~+ m~d 31 mM Na +, and B, normal saline. 

Tracing of original record; isometric recording. 
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The difference in the response of frog and snai lhear ts  to 
variations in cMcium concentration does not seem to be 
due to a fundamental  difference in the action of calcium 
on the respective myocardia. The effect of calcium on both 
contraction rate t° and strength of contraction ~3 in the 
frog is similar to tha t  in Helix. The only strikingdifference 
is in the effects of calcium on the ' tone '  of the heart. 

In an electrically driven frog ventricle increases in 
calcium concentration are not  followed by increases in 
resting tension, but  the peak tension of the contraction is 
increased and the contraction is prolonged x3. In the 
spontaneously contracting frog heart  the increase in ' tone'  
is due to fusion of sncceeding contractions. In  Helix 
ventricle the contractions never fuse. The simultaneous 
decrease in contraction rate is sufficient to keep each 
contraction separate. 

According to the hypothesis of JULLIEN et al. x4--1~ the 
action of calcium in Helix ventricle is to stabilize the 
muscle fibre membrane by promoting the binding to the 
membrane of an unknown compound in an oxidised state 
tha t  is an intermediary in the oxidative metabolism of the 
cell, and which has an inotropic effect when released into 
the perfusion fluid where it is reduced. With  calcium-rich 
solutions the compound is firmly bound to the membrane 
and the inotropic action is absent, leading to 'diastoli- 
sation'. This action is antagonised by potassium, so tha t  
with low-calcium concentrations the action:of potassium 
predominates, causing release of the compound and lead- 
ing to 'systolisation'. 

This hypothesis fails to account for the increase in 
tension with high-calcium concentrations which do not 
produce total  Iailur e, and for the fact that  it is the resting 
tone tha t  is increased by calcium=deficiency (contracture), 
whilst the individual conctractions are usually smaller. 
An alternative explanation is tha t  calcium-rich solutions 
decrease the excitabili ty of the membrane by hyper- 
polarizing it, causing the contraction rate to be reduced. 

:me second (and independent) action of calcium is an ino- 
tropic one and is seen as long as spontaneous contractions 
persist. With  calcium-deficient solutions the reverse would 
occur. A degree of depolarisation might  be produced, 
making the membrane more excitable, and also producing 
contracture. 

In the frog, low-calcium concentrations abolish con- 
tractility, electrical potentials still being recorded when 
contractions have ceased x°. Thus if the myocardium is 
completely unable to contract no contracture is possible. 

I t  seems tha t  a higher concentration of calcium is needed 
to preserve contract i l i ty  in the frog hear t  than in Helix 
ventricle. The high intracellular concentration of calcium 
in Helix ventricle might  help to preserve contact i l i ty  
under conditions of severe calcium depletion. 

Zusammen/assung. Untersuchungen tiber den Einfluss 
yon Ver~inderungen der Calciumkonzentration auf die 
spontane Helix-Herzkammert~tigkeit  weisen darauf hin, 
dass Calcim hier keine Wirkung austibt, die yon seiner 
Wirkung auf Muskelgewebe im altgemeinnen grund- 
verschieden ist. Hochkonzentr ier te  Calciuml6sungen stei- 
gerr/ die Kontrakt ionsspannung und bei h6chsten Kon- 
zentrat ionen kann die Muskelerregbarkeit abnehmen, 
wlthrend schwachkonzentrierte CalciumlSsungen die Mus- 
kelerregbarkeit  erh6hen. 

D. H. PAUL 

Department o/Zoology and comparative Physiology, Uni- 
versity o /Birmingham (England), Apri l  21, 1961. 
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Beitrag zur Kenntnis  der Resistenzphi inomene 
einzelner Pflanzen gegeniiber dem phytotoxischen 

Wirkstoff Sirnazin 

Die phytotoxischen Verbindungen yore Typ des Sim- 
azins, 2-Chlor-4, 6-bis-lithylamino-s-triazin, 
zeichnen sich durch eine ausgepr~Lgte Wirkungslficke 
gegeniiber Mais und verwandten Pflanzen aus und sind 
daher hervorragend zum selektiven Einsatz in dieser 
Kul tur  geeignet 1. Es konnte gezeigt werden 2, dass Mais- 
preBsaft bef~thigt ist, Simazin aul  noch nicht genau ab- 
gekl~rte Art  abzubauen. Als Endprodukt  des Abbaus in 
der intakten Maispflanze konnte in mit  radiomarkiertem 
Simazin ausgeftihrten Versuchen Kohlendioxyd nach- 
gewiesen werden, das den Tracer-Ringkohlenstoff ent- 
hielt3,4. 

Da der Maisprefisaft nach zweistfindigem Erhitzen auf 
80°C mi t  Simazin nicht mehr reagiert, schloss man zu- 
nAchst auf eine enzymatische Natur  dieses abbauenden 
Prinzips. Spiiter konnte dann aber mittels eines Arbeits- 
ganges, der die pflanzlichen Phenole erfassen sollte, aus 
MaispreBsaft eine Frakt ion isoliert werden, die in vitro mit  
Simazin zu reagieren vermochte ~. 

Nach llingerem Stehen dieser Fraktion, die im Papier- 
chromatogramm schon recht einheitlich erschien, schied 
sich ein Kristallisat ab, das durch Umkristallisation aus 
Methanol in schwach rosa geflirbte Prismen fibergefiihrt 
werden konnte. Diese wiesen die folgenden Eigenschaften 

auf: (a) Schmelzpunkt: 159-162°C (Zers.). (b)Analysee:  
gef. C: 50,99%; H:  4,47%; N: 6,59%; OCH~: 14,69%. 
Ftir C9HgNO 5 ber. C: 51,18%; H:  4,30%; N: 6,63%; 
OCH 3: 14,70%, (c) Papierchromatographie:  Whatman  
No. 4; absteigend; FeC13 als Entwicklungsreagens. L 6 -  
sungsmittelgemiseh: n-Butanol:  EssigsAure: Wasser = 
8: 2 : 2, Rf-Wert :  0,83, F~rbung: violet t ;  L6sungsmittel- 
gemisch: n-Propanot:  NH 3 (25%) = 7 : 3., Fitrbung: keine. 
(d) UV- Spektrum" : L6sung -con 10 t~g Substanz/ml'Wasser: 
&max 262,5 m/,. (e) UV-Spektnxm nach Kochen in Wasser 6: 
L6sung yon 10 /~g Substanz/ml "Wasser: ~raax 227,5 und 
286,0 mp. 

Ct 

Nfl-N 
CaNHI-N)NHC "  
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