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la t te r  value, however,  should be regarded wi th  caution in view of the fact tha t  such an est imation 
of the molecular  weight presupposes  tha t  all the peptide chains are in the open form with  their  
amino end-groups free to react  with fluorodinitrobenzene; also the actual est imation itself may  
involve a relatively high degree of inaccuracy. 

Fibrino-pept ide thus  appears  to consist pr imari ly  of acidic and neutral  amino acids, indicating 
t h a t  the pa r t  of the fibrinogen molecule from which the peptide is derived is richer in these than  
the  rest  of the protein.  Fibrino-peptide was found to have an isoelectric point  in the region of pH 3.39, 
and it would therefore represent  at physiological p H  highly charged negative centres in the fibrinogen 
molecule. Dur ing the enzymic phase of the clotting reaction 4 

th rombin  
fibrinogen > fibrin + fibrino-peptide, 

the release of the peptide would remove these s t rongly charged centres and would thereby help 
the particles to approach one other  more easily in the process of clot formation. 

We wish to thank  Professor W. T. ASTBURY, F.R.S. for his interest  and encouragement  through-  
ou t  our  investigations. 
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Recently efforts have been centred on the microspectrophotometr ic  measurements  of the DNA 
c o n t e n t  of individual nuclei for various biological materials.  Meanwhile, serious discrepancies have 
emerged among  the results published from different laboratories, especially about  the constancy 
vs. variabi l i ty  of the DNA content  of individual diploid nuclei from the same species and sometimes 
even  f rom the same type of cells 1, 2,s,4. Al though such discrepancies may  part ial ly be due to factors 
involved in the FEULGEN reaction, in prepara t ion  of the material, or in reduction of the measured 
values  6's, the most  impor t an t  source of error seems to be due to the use of photometr ic  equipments% 8,2 
the  optical sys tem of which does not  eliminate the little known "SCHWARZSCHILD-VILLIGER effect" 
(S-V effect), which has been foreseen theoretically and which proved experimental ly to cause con- 
siderable error in the measm ement  of t ransmi t tance  TM. Especially with objects of such a high ab- 
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sorp t ion  as wil l  f r equen t ly  be encounte red  in cy tochemica l  work,  the  m a g n i t u d e  of th is  error  in 
t r a n s m i t t a n c e  m a y  a m o u n t  to  io  200 t imes  the  t rue  va lue  1°. 

I t  wil l  now read i ly  be unders tood  t h a t  the  d a t a  of m i c r o s p e c t r o p h o t o m e t r y  h i t he r to  r epo r t ed  
are sub jec t  to  cons iderable  inaccuracy .  Indeed,  we h a v e  been deep ly  impressed  b y  f inding t h a t ,  
whi le  va lues  of ex t i nc t i on  of Feu lgen  s ta ined  nuclei  r epor ted  in the  l i t e ra tu re  are u sua l ly  less t h a n  
un i ty ,  a la rger  p a r t  of the  va lues  ob ta ined  by  ourselves  on s imi la r  ma te r i a l  w i th  an i n s t r u m e n t  free 
f rom " S V  effect ' ' n  are h igher  t h a n  I, and  not  i n f r equen t ly  even h igher  t h a n  2. This  means  t h a t  
va lues  of t r a n s m i t t a n c e  ob ta ined  by  o ther  i nves t iga to r s  are genera l ly  more than ,  bu t  those  of our  
m e a s u r e m e n t s  are m o s t l y  less than ,  io  %. As is shown in a p rev ious  repor t  10, the  m a g n i t u d e  of the  
flare l i gh t  caused  by  the  " S - V  effect",  which  ac ts  a d d i t i v e l y  in the  m e a s u r e m e n t  of t r a n s m i t t a n c e ,  
is expec t ed  theo re t i ca l ly  to  a m o u n t  to  a b o u t  13. 5 % in the  usua l  opt ica l  sys tem,  so t h a t  the  no ted  
d i s c r e p a n c y  m a y  well  be exp la ined  b y  cons ider ing  the  t e rm of " S - V  effect".  In  th is  connec t ion  it  
is to  be m e n t i o n e d  t h a t  the  m a g n i t u d e  of the  inc remen t  in t r a n s m i t t a n c e  caused by  " S - V  effect"  
is an  " i n s t r u m e n t - f a c t o r " ,  and  i t  is t hus  imposs ib le  to  correct  the  va lue  of t r a n s m i t t a n c e  measu red  
by  i n s t r u m e n t s  w i t h o u t  cons idera t ion  of " S V  effect".  

The fol lowing e x p e r i m e n t  has  now been made  in order  to  show how mis l ead ing  the  resu l t s  of 
the m e a s u r e m e n t  are when  the  " S - V  effect"  is not  e l imina ted .  Two series of m e a s u r e m e n t s  were 
m a d e  on the  same assemblage  of r a t  l iver  cell nuclei,  fixed in 5o % formal in  and  s t a ined  w i t h  the  
Feu lgen  react ion,  by  focussing a smal l  image  of the  l igh t  source a t  the  cent re  of spher ica l  nuclei,  
as descr ibed p rev ious ly  n.  For  the  d i a m e t e r  of th is  image  va lues  of 9 and  I /* were t aken ,  of which  
t he  former  does, and  the  l a t t e r  does not, involve  " S - V  effect",  a l t hough  the  effect is s t i l l  no t  v e r y  
large  in the  former  case. I n  general,  " S - V  effect" gave  rise to  a s ignif icant  lowering of va lues  for 
D N A  con ten t s  of i n d i v i d u a l  nuclei  as expressed  by  r~E 11 Fur the rmore ,  the  i n t roduc t i on  of th i s  
effect shi f ted  mos t  of the  nuclei  of Class I I  w i th  the  m e d i u m  DNA con ten t  (assumed as t e t rap lo id)  1, 
which  s t a ined  heav i l y  and  gave  low va lues  of t r a n s m i t t a n c e  (IO-I 5 %), in to  Class I w i t h  the  lowes t  
D N A  con t en t  (assumed as diploid),  and  a u g m e n t e d  the  va r iance  of the  r2E value  of the  l a t t e r  group.  
However ,  one nucleus  more l i gh t ly  s t a ined  re t a ined  i ts  pos i t ion  in Class I I  even w i t h  " S - V  effect" .  
I t s  t r a n s m i t t a n c e  was, in rea l i ty ,  as h igh  as 22.3 %. Such resul t s  are the  n a t u r a l  consequence  of the  
fac t  t h a t  the  " S - V  effect" causes much  less error  in measur ing  objects  w i th  h igher  t r a n s m i t t a n c e .  

Ano the r  e x a m p l e  m a y  be t a k e n  from m e a s u r e m e n t s  on nuclei  of l iver  ceils and  of the  f irst  
s p e r m a t o c y t e s  ( leptoten stage) of a y o u n g  rat ,  f ixa t ion  and  s ta in ing  being s imi la r  to  those  in  t he  
p reced ing  expe r imen t .  As is seen from Table  I, the  va lue  w i t hou t  " S - V  effect",  i.e. the  t rue  value .  
for D NA c o n t e n t  of the  first  s p e r m a t o c y t e  nuclei  was  much  h igher  t h a n  t h a t  of the  l iver  nuclei ,  
whereas  w i t h  " S V  effect"  bo th  gave  va lues  near ly  equal  to each other.  The  more m a r k e d  decrease  
in t he  va lue  of the  s p e r m a t o c y t e  nuclei  is caused by  a ve ry  low t r a n s m i t t a n c e  (1-2 %) due to  t h e i r  
r e m a r k a b l y  in tense  s ta in ing .  

T A B L E  I 

COMPARISON OF MICROSPECTROPHOTOMETRIC MEASUREMENTS OF NUCLEAR DNA CONTENT 
CONDUCTED ON FEULGEN-STAINED NUCLEI OF LIVER CELLS AND THE FIRST SPERMATOCYTES 

OF A RAT WITH AND WITHOUT "SCHWARZSCHILD-VlLLIGER EFFECT" 

With S - V  e~ect Without S -V  eGect 

No. of nuclei Mean of relative DNA content No. of nuclei Mean of relative DNA content 
measured (r~E) and standard deviation measured (r~E) and staudard derision 

L i v e r  28 5.48 ± 0.85 25 6.o5 ~= 0.69 

F i r s t  s p e r m a t o c y t e  IO 4.98 ~ o.76 io  lO.14 ± 0.67 

As ev idenced  b y  the  above  examples ,  there  is a serious doub t  a b o u t  the  re l i ab i l i ty  of the  d a t a  
here tofore  publ i shed ,  w he the r  or no t  t h e y  are  favorable  to  e i ther  of the  views respec t ing  the  cons tancy  
or v a r i a b i l i t y  of DNA  c on t e n t  of the  i nd iv idua l  nuclei,  as long as t h e y  were obta ined,  t h rough  
m i c r o s p e c t r o p h o t o m e t r y  w i t h o u t  cons ider ing  e l imina t ion  of the  " S - V  effect".  This  s t a t emen t ,  then,  
l eads  us i n e v i t a b l y  to  a suspicion t h a t  al l  t he  conclusions of biological  impor t ance  d rawn  from such 
d a t a  are  once more  open to  ques t ion .  
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The macroscopic appearance of the contractile muscle proteins  depends on pH,  ionic s t rength ,  
and ATP content .  I t  is possible to show tha t  the electron microscopic appearance of these proteins  
depends also on the p H  and on the presence or absence of ATP if in the buffered sys tem the salt 
concentrat ion is kept  at  such a low level t ha t  the effect of drying is minimized. 

No p H  effect was found with  F-actin under  the conditions of these expemments.  Actin solutions 
reveal indefinitely long, freely distributed, uni form threads  at  all p H  values between 5.5 and 8. 5. 
Myosin and actomyosin have a very similar appearance in the p H  range of 5.5 to about  7: fibrous 
aggregates at  p H  5.5 and aggregates embedded in an amorphous  film at  p H  7- Between p H  7.3 
and 8 myosin  appears  as an amorphous  film in cont ras t  to actomyosin which reveals actin-like 
threads  embedded ill an amorphous  matr ix .  

In  the presence of ATP and Mg, actomyosin forms a contracted plug at  low p H  1. This plug 
consists of fibrous aggregates,  in some respects similar to myosin  or ATP-free actomyosin at the 
corresponding pH.  However,  a difference is evident  in tha t  many,  relatively short,  actin-like threads  
can be seen fraying out  at the end of the fibrous aggregates. I t  seems likely t ha t  they  are the r emnan t s  
of a cont inuous ne twork  within the intact  plug which became disrupted during preparat ion.  

In  the presence of ATP and Mg, actomyosin forms a clear solution at  a round neutral  p H  1 
The electron micrographs show a cont inuous amorphous  protein  film like t ha t  observed in myosin 
solutions a t  a somewhat  higher pH.  In  addition, indefinitely long, actin-like threads  are uniformly 
dis t r ibuted th roughou t  the fields resembling F-act in prepared alone. This is in cont ras t  to ATP-free 
ac tomyosin  at  the same p H  where shorter  threads  are concentra ted ill the cloud-like areas of amor-  
phous  myosin.  After the ATP has been completely hydrolyzed, the  ac tomyosin  forms a fine, non- 
contractile precipitate.  I t s  microscopic appearance now coincides wi th  t ha t  of ATP-free actomyosin.  

At  alkaline pFI actomyosin forms a firm, t r anspa ren t  gel af ter  much  of the ATP has been 
hydrolyzed 1. Microscopically a ne twork  is seen which consists of s t rands  made up of loosely associated, 
indefinitely long, actin-like threads  embedded in an amorphous  matr ix.  I t  appears  t ha t  the contracted 
plug and the gel are similar in having a f ramework of actin-like threads,  bu t  differ in t ha t  the myosin-  
like mat r ix  forms a fibrous aggregate around this ne twork  at  the acid reaction, and forms a charac- 
teristically amorphous  mat r ix  around the ne twork  at  high pH.  

I t  was not  possible to characterize actomyosin uni ts  as such morphologically. The s t ructures  
in general consist of actin-like threads  embedded in a myosin-like mat r ix  which corresponds to the 
myosin  alone at  the respective pH.  The presence of ATP accentuates  the appearance of actin-like 
threads.  The pictures obtained of the clear solution in the presence of ATP and Mg at  near  neutral  
p H  and physiological salt concentrat ion appear  to demons t ra te  the dissociation of actomyosin.  
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