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Durch E i n s e t z e n  der  Zah len  L '  .... 3 .10-*,  T =  300 ° abs . ,  
~0 = 10-2, r = 10-7, q ~ 3 ,4 .10  -7 erhi~lt m a n  h ieraus  die 
fiir den  k o n k r e t e n  Fal l  im T e x t  g e n a n n t e  Zeit  yon  
1,3.10~ s ode r  150 Tagen.  

S2~mvnavy 

The t i m e  r e q u i r e m e n t  is t r e a t e d  for  a long i tud ina l  
fission b y  B r o w n i a n  m o v e m e n t  of  a v e r y  long par t ic le  
consist ing of  t w o  or  more  f i l a m e n t s  t w i s t e d  a g rea t  
number  of t imes  r o u n d  each  o t h e r  to  f o r m  a doub le  
spiral. I t  is s h o w n  t h a t  a c o m p a r a t i v e l y  swif t  d i s in tegra -  
tion is o b t a i n e d  b y  pa r t i a l  r o t a t i o n  or  to r s ion  r o u n d  t h e  
axis of t h e  spiral ,  r e su l t ing  in a loosing of t h e  spi ra l  
s t ruc ture  a n d  s u b s e q u e n t  s e p a r a t i o n  of t h e  c o n s t i t u e n t s  
by t r a n s l a t i o n a l  B r o w n i a n  m o v e m e n t .  The  t ime  re- 
quired to  s e p a r a t e  a double  spi ra l  cons i s t ing  of a b o u t  
900 t u r n s  of a h e i g h t  of 3.4 × 10 -7 cm and  a rad ius  of 
10 -7 cm, t h u s  h a v i n g  a l eng th  of 3 x 10 -4 em be ing  
realized a p p r o x i m a t e l y  b y  deoxyr ibonuc le i c  ac id  is 
found b y  th i s  m e c h a n i s m  to  be a b o u t  50 to  80 s. The  
time r e q u i r e d  to  u n d o  the  s ame  spiral  by  u n w r a p p i n g  i t  
turn b y  t u r n  would  be a b o u t  150 days .  The  resu l t  of t h e  
considera t ions  is r e l a t ed  to  o b s e r v a t i o n s  pub l i shed  b y  
ALEXANDER and  STEACY on deoxyr ibonuc le i c  acid.  An  
addi t ional  r e m a r k  s t resses  t h e  i m p o r t a n c e  of s te reo-  
chemical a s y m m e t r y  for  t h e  p r a c t i c a b i l i t y  of t he  m e c h -  
anism a n d  t he r e fo re  t h e  i m p o r t a n c e  of op t ica l  a c t i v i t y  
for the  t i m e  r e q u i r e m e n t  of such  d i s in t eg ra t i ons  or t r a n s -  
format ions  of h igh  p o l y m e r  ma te r i a l  occur r ing  in l iv ing  
organisms.  

The I n f l u e n c e  o f  C o n c e n t r a t i o n  o n  Dissociat ion 
of  D e o x y r i b o s e n u c l e i c  A c i d  b y  4 M o l a r  U r e a  

In  ear l ier  p u b l i c a t i o n s  1 we h a d  shown  t h a t  t h e  mole-  
cular w e i g h t  of d e o x y r i bonuc l e i c  acid (DNA) as de-  
termined b y  l i g h t - s c a t t e r i ng  fell to  one  hal f  i ts  va lue  in 
dilute sa l t  so lu t ion  w h e n  suf f ic ien t  u rea  was  a d d e d  to  
bring t h e  f inal  c o n c e n t r a t i o n  to  4 M.  This  and  the  as- 
sociated c h a n g e s  in t h e  shape  of t h e  molecule  were  
consistent  w i t h  t h e  v iew t h a t  a long i tud ina l  sp l i t t ing  of 
the double  molecule  h a d  occurred .  In  all these  exper -  
iments c o n c e n t r a t e d  urea  w a s , a d d e d  to  so lu t ions  con- 
taining less t h a n  0.04% of D N A  since these  were  m o s t  
convenient  for  l i g h t - s c a t t e r i n g  e x p e r i m e n t s .  W h e n  urea  
was a d d e d  to  so lu t ions  c o n t a i n i n g  more  t h a n  0.08 % D NA 
dissociation no c h a n g e  was  o b s e r v e d  in molecu la r  we igh t  
within 3 h (Fig. 1). Since i t  was  n o t  poss ib le  t o  measu re  
molecular w e i g h t s  d i r ec t ly  a t  t he se  c o n c e n t r a t i o n s  t h e  
exper iments  were  ca r r ied  o u t  as follows. 

Equal  v o l u m e s  of t h e  in i t ia l  D N A  so lu t ion  and  a solu- 
tion of 8 M u r e a  were  m i x e d  and  a l lowed to  s t and .  T h e y  
were t h e n  d i l u t e d  four  t i m e s  w i t h  d i lu te  sa l t  so lu t ion  so 
that t he  f inal  u rea  c o n c e n t r a t i o n  was  1-0 M a n d  the  
light s c a t t e r i n g  m e a s u r e m e n t s  made .  A para l le l  exper i -  
ment was  m a d e  in wh ich  t h e  f inal  c o n c e n t r a t i o n  of D N A  
and urea  were  the  s a m e  b u t  t he  d i lu t ions  were  m a d e  in 
such a w a y  t h a t  t h e  D N A  was  neve r  exposed  to  u rea  of 
more t h a n  1.0 M.  This  c o n c e n t r a t i o n  is n o t  capab le  of 
dissociating D N A  and  a molecu la r  we igh t  of 6 x 106 ions  
was found in th i s  so lven t  (Fig. 2). I f  D N A  a t  a c o n c e n t r a -  
tion of 0-04% or less was  t r e a t e d  w i t h  4 M urea  a n d  
subsequent ly  d i l u t e d  wi th  w a t e r  to  1.0 M urea  the  mole-  

cu la r  w e i g h t  was  found  to  be 3 x I0 G (Fig. 2), bu t ,  if t h e  
s a m e  e x p e r i m e n t  is done  w i t h  more  c o n c e n t r a t e d  D N A  
so lu t ions  ( >  0.08%) t h e n  a molecu la r  we igh t  of 6 x 10 ~ 
is f o u n d  on  a s u b s e q u e n t  d i lu t ion ,  p r o v i n g  t h a t  4 M 
u rea  was  n o t  able  t o  sp l i t  D N A  a t  these  h ighe r  c o n c e n -  
t r a t i o n s .  No rel iable  d a t a  could  be  o b t a i n e d  for D N A  
so lu t ions  in  b e t w e e n  t h e  t w o  r a n g e s  of D N A  c o n c e n t r a -  
t i on  s t u d i e d  (Fig. 1) b u t  th i s  is n o t  su rp r i s ing  since t h e  
s i t u a t i o n  in th is  i n t e r m e d i a t e  r ange  (0.05 to  0-08%) 
wou ld  be  e x p e c t e d  to  be v e r y  complex .  
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Fig. 1.--Limiting lines of Zimm plots of light scattering data of DNA 
from herring sperm (for definition of symbols see 1). The intercept is 
inversely proportional to the weight average molecular weight of the 

dissolved DNA. 

- a - t -  0.01% DNA containing 1.0 M urea and 0"2 M NaCI (Molecular 
weight 6 × 106). 

-0-0- To 0.08% DNA an equal volume of 8M urea was added (i.e. 
solution was 0.04% DNA in 4 M urea) and diluted 2 h later 
to finish up as 0.01% DNA containing 1.0 M urea and 0.2 M 
NaCI (Molecular weight ,'~ 3 × 1(#). 

-x -x -  To 0.16% DNA an equal volume of 8 M urea was added (i.e. 
solution was 0-08% DNA in 4 M urea) and diluted 2 h later 
to finish up as 0.01% DNA containing 1.0 M urea and 0"2 M 
NaC1 (Molecular weight 6 × 10% 

T h e  reason  for th i s  r e m a r k a b l e  c o n c e n t r a t i o n  de-  
p e n d a n c e  of t h e  d i s soc ia t ion  of t h e  t w i n  molecule  can  
n o t  be found  in a mass  ac t ion  p h e n o m e n o n :  s ince  t h e  
u rea  is p r e s e n t  in vas t  excess,  t h e r e  can  be no  q u e s t i o n  
t h a t  t h e  equ i l i b r i um is c o m p l e t e l y  on  t h e  s ide  of  t h e  
d i s soc ia ted  molecule .  An  e x p l a n a t i o n  m a y  be  f o u n d  in  
P ro fesso r  ~Ar. KUHN'S sugges t ion  2 t h a t  l e n g t h - w i s e  as-  
soc ia t ion  of t h e  doub le  molecules  wou ld  p r e v e n t  t h e  
ro t a t i ona l  m o v e m e n t  of t he  two  t h r e a d s  r e l a t ive  to  one  
a n o t h e r  and  thus  m a k e  the  r e l a t i ve ly  facile d i s e n t a n g l i n g  
process  env i saged  by  KUHN a imposs ib le .  E l e c t r o n  
mic rog raphs  of D N A  (Fig. 3), show t h a t  i t  is possible  for 
these  long molecules  to  agg rega t e  in para l le l  and  in fac t  
unde r  the  cond i t i ons  of d r y i n g  on t h e  s u p p o r t i n g  fi lm a 
whole  range  of agg rega te s  h a v e  been  obse rved .  

1 p. ALEXANDER and K. A. STACEY, Biochem, J. 6o, 19-1 (1955). 2 W. KUnN, Exper. 13, 30I (1957). 
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T e m p o r a r y  c o n t a c t  of t h i s  k i n d  in u r e a  s o l u t i o n  wou ld  
c o m p l e t e l y  i nh ib i t  t h e  t o r s i o n a l  m o t i o n  n e c e s s a r y  for t he  
u n t w i s t i n g ,  a n d  c lea r ly  t h e  c h a n c e  of ita h a p p e n i n g  w ou ld  
r ap id ly  inc rease  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s .  I n  o rde r  
to  p r e v e n t  t h i s  a g g r e g a t i o n  d u r i n g  t h e  d r y i n g  of t h e  
s p e c i m e n  on  t h e  E. M. gr id  i t  is n e c e s s a r y  to  d i lu t e  t h e  
s o l u t i o n  100 fold f r o m  t h a t  u s e d  to  p r e p a r e  t h e  s p e c i m e n  
s h o w n  in  F i g u r e  3. So i t  is c lear  t h a t  t h e r e  ex i s t s ,  de sp i t e  
the  r e p u l s i v e  a c t i o n  of t h e  ionized  p h o s p h a t e  g r oups ,  
s t r o n g  a t t r a c t i v e  forces  b e t w e e n  D N A  molecu le s .  T h e  
fa i lu re  to  o b s e r v e  a n y  a g g r e g a t i o n  b y  l i gh t  s c a t t e r i n g  
s h o w s  t h a t  t h i s  c an  on ly  be  of a v e r y  t e m p o r a r y  n a t u r e  
a l t h o u g h  t h e  s m a l l  v a l u e  of t h e  s e c o n d  vi r ia l  coef f ic ien t  
m a y  be r e g a r d e d  as s u g g e s t i v e  of i n t e r p a r t i e l e  a t t r a c t i o n .  

So far  we h a v e  b e e n  u n a b l e  to  d e m o n s t r a t e  a s im i l a r  
s p l i t t i n g  b y  calf  t h y m u s  nuc le ic  acid as it  is o r d i n a r i l y  
p r e p a r e d  s. A f t e r  p r o l o n g e d  e x p o s u r e  to  a r e l a t i v e l y  
c o n c e n t r a t e d  s o l u t i o n  of a s e q u e s t e r i n g  a ge n t ,  s o d i u m  
e t h y l e n e - d i a m i n e  t e t r a c e t a t e  (versene) ,  i t  wa s  f o u n d  t h a t  
in 4 M u r e a  t h i s  too  s lowly  sp l i t  i n t o  two  ha l f  mo le c u l e s  
of m o l e c u l a r  w e i g h t  3 "< l06. Since  JUNGNER 4 h a d  re- 
p o r t e d  t h e  p r e s e n c e  of a s u r p r i s i n g l y  large  a m o u n t  of 
m a g n e s i u m  in calf  t h y m u s  D N A  it  s e e m e d  poss ib le  t h a t  
t h e s e  b i v a l e n t  ions  m i g h t  be r e s p o n s i b l e  for t h e  g r e a t e r  
s t a b i l i t y  of D N A  f r o m  th i s  source .  B u t  we h a v e  be e n  
u n a b l e  b y  t r a c e  m e t a l  a n a l y s i s  to  c o n f i r m  JUNGNER'S 
f i n d i n g s  a n d  c a n  d e t e c t  no s i g n i f i c a n t  a m o u n t s  of m a g -  
n e s i u m  or a n y  o t h e r  t r a ce  m e t a l  in D N A  o b t a i n e d  f r o m  
e i t he r  h e r r i n g  s p e r m  or calf  t h y m u s .  T h e r e  is, h o w e v e r ,  
a m a r k e d  d i f fe rence  b e t w e e n  t h e  two  in t h e  a m o u n t  of 
r e s i d u a l  p ro te in .  
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Fig. 2. Molecular weight determined from light scattering data of 
DNA from herring sperin after standing at different ccmcentrations 

in 4 M urea. 

T h e  e l ec t ron  m i c r o g r a p h  was  t a k e n  on a S i e m e n s  elec- 
t r o n  m i c r o s c o p e  (Model U M  100) b y  Mr. M. S. C. BIR- 
BECK, for whose  c o o p e r a t i o n  we are  m o s t  g ra te fu l .  We 

Fig. 3 . -  Electron micrograph of DNA from herring sperm; magififica- 
tion 96,1/00. The width of shadow (platinmn) of the thinnest fibres i, 
100 A which corresponds to a fibre width of 20 A under the condi- 
tion of shadowing used. The numerals written in the fibres indicate 
the estimated number of dnuble-helix threads which lie side by side 

to make up the fibre. 

h a v e  d e v e l o p e d  a n e w  t e c h n i q u e  for t h e  p r e p a r a t i o n  0i 
D N A  s p e c i m e n s  w h i c h  will be de sc r i bed  in a future 
p u b l i c a t i o n .  

We would also like to thank Dr. K. S. KIRBY for several protein 
analyses and for valuable discussions and Mr. A. S. NICKELSOS of 
Atomic Energy Authority for the very accurate trace metal analyses. 

The work has been supported by grants to the Chester Beatty 
Research Institute (Institute of Cancer Research: Royal Cancer 
Hospital) fronl the British Empire Cancer Campaign, the Jane 
Coffin Childs Memorial Found for Medical Research, the Anna Fuller 
Fund, and the National Cancer Institute of the National Institutes 
of Health, U.S. Public Health Service. 

P. ALEXANDER a n d  K.  A. STACEY 

To s h o w  th i s  e f fec t  c lea r ly  t h e  c o n c e n t r a t i o n  of v e r s c n e  
r equ i r ed  is 0-1 ,~l w h i c h  is t h e  s t r e n g t h  a t  w h i c h  th i s  a n d  
o t h e r  c h e l a t i n g  a g e n t s  a re  e f fec t ive  in t h e  m e t h o d  KIRBY 
has  deve loped  for t h e  s e p a r a t i o n  of D N A  f r o m  proteinS.  
I t  is clear  f r o m  t h e  g r ea t  d i f fe rence  in size, a f ac to r  
over  a h u n d r e d ,  t h a t  a t r a c e  of p r o t e i n  c o n t a m i n a n t  
of t h i s  order ,  cou ld  p r o v i d e  su f f i c i en t  p o l y p e p t i d e  c h a i n s  
a d h e r i n g  to  t h o s e  of nuc le ic  ac id  to  i n h i b i t  t h e  un f o ld -  
ing  in urea .  I t  s e e m s  poss ib le  t he r e f o r e  t h a t  t h e  a c t i o n  
of v e r s e n e  on D N A  f r o m  calf  t h y m u s  c o n s i s t s  of t h e  
r e m o v a l  of th i s  t r a ce  of p r o t e i n  i m p u r i t y  w h i c h  m a y  
i n t e r f e r e  w i th  t h e  d i s e n t a n g l i n g  process .  

s p. ALEXANDER and K. A. STACEY, Nature 176, 162 (1955). 
4 G. JUNGNER, Science 11,3, 378 (1951). 
5 K. S. KIRBY, Biochem. J. (in press). 
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1957. 

Zusammen]assung 

D N A  s p a l t e t  in 4 - m - H a r n s t o f f l 6 s u n g ,  w e n n  die DNA- 
K o n z e n t r a t i o n  w e n i g e r  als  0 ,04% be t r / ig t ,  in  2 gleich 
grosse  Tei le  auf .  E l e k t r o n e n m i k r o s k o p i s c h e  Aufnahmen  
zeigen,  da s s  das  A u s b l e i b e n  e iner  D i s s o z i a t i o n  in h6her 
k o n z e n t r i e r t e n  L 6 s u n g e n  d u r c h  Pa ra l l e l zusammen-  
l a g e r u n g  der  F/kden b e d i n g t  se in  di i r f te ,  e ine  Zusammen-  
l a g e r u n g ,  we lche  d e n  y o n  xN. I~UHN in de r  vorangehen- 
d e n  M i t t e i l u n g  ffir die L ~ n g s t e i l u n g  vorgeschlagenen 
M e c h a n i s m u s  b e h i n d e r n  wiirde.  


