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The effect of t reatment  with dilute acid and alkali on the 
streaming birefringence of sodium deoxyribonucleate solution 

\Vhen sodiunI deoxyr ibonuc lea t e  (DNA) is t i t r a t ed  from the  neu t ra l  region to pH 2 or 12, 
and then b a c k - t i t r a t e d  to neu t ra l i ty ,  the l )ackward t i t r a t i o n  curve  differs from t h a t  ob ta ined  on 
forward  t i t r a t ion .  This  has been expla ine(P by  suppos ing  t h a t  the  pur ine  and p y r i m i d i n e  base.s take  
p a r t  in hyd rogen -bond ing  which is i r r eve r s ib ly  broken on t i t r a t ion .  The s t ruc tu re  proposed for DNA 
by CRICK ANI) \VATSON 2 consis ts  of two helical  po lynuc leo t ide  cha ins  coiled round the same axis.  
the  cha ins  being held toge the r  by hydrogen  bonds  between pa i r s  of bases. This  s t ruc tu re  is in agree- 
m e n t  not  only  wi th  the X- ray  data ,  bu t  also wi th  the  resul ts  of e lec t romet r ic  t i t r a t i o n  a, and chemical  
ana lys i s  4. 

I t  seems reasonable  to  suppose t h a t  if the  hydrogen  bonds  are i r revers ib ly  broken on t i t r a t ion ,  
the molecule  of DNA should  undergo a large and i r revers ib le  change  of shape on being brought  
to  as p H  where the amino  groups  of aden ine  anti  cy tos ine  have  been t i t r a t ed .  REICHMANN, DUNCE 
AND DOTY 5 have  concluded from a s t u d y  of the  l i gh t - s ca t t e r i ng  of DNA in o.-, .ll NaC1 t h a t  the 
molecu la r  we igh t  and the  molecular  length  both  decrease wi th  pH from pH 6. 5 to  2.6, bu t  on re- 
t u r n i n g  the  solut ion to pH 6. 5 the  molecular  we igh t  and  leng th  are res tored to the i r  or ig ina l  value. 
This  revers ib i l i ty  seelns a t  first s igh t  to  conflict  with the  t i t r a t i o n  data ,  bu t  in 0.2 3[ NaC1 the  pK '  
of the  bases are decreased cons iderab ly  a, anti i t  m a y  be t h a t  at  pH  2.t) in 0.2 3/ NaC1 m a n y  of the 
cha in - l i nk ing  hydrogen  bonds are sti l l  in tac t .  

Changes  in molecular  shape are read i ly  followed by  measu remen t s  of s t r eaming  birefringence,  
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Fig. [. Var ia t ion  of log tan  a wi th  the pH of the  solu- 
t ion.  (.> lower ing  p H  from n e u t r a l i t y ;  -! ra i s ing  pH 

from 3.5; • r a i s ing  pH from o_.o. 

and  so the effect on the  s t r eaming  birefrin- 
¢ gence of lowering the pH in s teps  to pH 3.5 

and a.o, and r e tu rn ing  it  to neut ra l i ty ,  was 
inves t iga ted .  The sample  of DNA eniployed,  
des igna ted  GI(I),  was ex t r ac t ed  from calf 
t h y m u s  t i ssue  by the  method  of GULLAND, 

2 J O R D A N  AND T H R E L F A L L  6, a n d  it had a 
molecular  we igh t  of 7.9" lo6-r Ini t ia l ly ,  rela- 
t i ve ly  concen t ra t ed  DNA solut ions  were 

g employed  so t h a t  the  m a x i n m m  effect could 
be observed.  The a t )para tus  was s imi la r  to 

e~ 
"7 t h a t  descr ibed by, EDSALL, RICH AND 

J (~OLDSTEIN 8, with  a number  of modif ica t ions  
and it  a l lowed measu remen t s  of s t r eaming  
birefr ingence to be made  at  g rad ien t s  of 
o 43oo G. Plots  of ex t i nc t i on  angle  (y.) 
aga ins t  G were ex t r apo l a t ed  to zero G and 
the slope at  the  or igin (tan a) was calcula ted.  
Tim results,  p lo t ted  as pH versus log (tan a), 
are shown in Fig. l a  for aqueous  solut ions  
and in Fig. i b for o. t  M NaCI solutions.  
The same resul ts  were ot) tained whe the r  the  
pH was changed  by  t i t r a t i o n  wi th  o.o 5 N 
HC1 and NaOH,  or by dialysis .  

In  both aqueous  and o.1 M NaCI solut ion,  on lower ing  the  pH tan  a falls, s lowly at  first but  
w i th  inc reas ing  r a p i d i t y  un t i l  below p H  3.5 the  bi refr ingence becomes unmeasu rab l e  under  ti le 
e x p e r i m e n t a l  condi t ions .  On increas ing  the  pH, from e i ther  pH  3.5 or 2.o, t an  a a t  first increases  
again,  bu t  abou t  pH 4 th i s  increase  ceases and  the rea f te r  tan  u fails s l ight ly .  The more rap id  fall 
above  pH 5 for the  aqueous  so lu t ions  m a y  be due to the gradua l  bu i ld -up  of sa l t  concen t ra t ion  
du r ing  back  t i t r a t i on .  F u r t h e r  e xpe r im e n t s  were made  to d iscover  to w h a t  ex t en t  t an  a is revers ib le  
when the  p H  is lowered only  to p H  4 or higher,  anti  the  tab le  shows the  results.  For solut ions  in 
o. i  31 NaCI, the  bi refr ingence is comple te ly  revers ib le  down to pH 4.7; 1)elow th is  pH the  degree 
of r eve r s ib i l i ty  decreases r a p id ly  to  zero at  pH  3.8. 

T A B L E  I 

RF.VERSImLITY OF TAN a ABOVE pH 4 

In i t i a l  and  F ina l  pH  6.oi 0.90 7.45 
1.owest p H  4.69 4.30 3.83 
Fract i  on of reversibil i ty,  o. 8o o. 17 o. oo 

[~  Below pH 3.8, t an  ¢l is again revers ib le  bu t  to a l imi ted  e x t e n t  onlv.  
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Since t an  a is a func t ion  of the  molecu la r  l eng th  and of the  in t e rmolecu la r  i n t e r ac t i on  these  
resul t s  are cons i s ten t  w i th  a p ic tu re  of DNA in which  the  two po lynuc leo t ide  cha ius  fo rming  the  
double  hel ix  separa te  when  all the  hydrogen  bonds  i n v o l v i n g  cy tos ine  a s d  mos t  of those  i n v o l v i n g  
adenine  are b roken  by  t i t r a t i on .  On b a c k  t i t r a t i o n  to  n e u t r a l i t y  the  double  hel ix  is not  re-formed.  
The s ingle  chains,  below p H  3.8, show much  g rea te r  f lex ib i l i ty  and  smal ler  a symnae t ry  t h a n  the  
u n c h a n g e d  DNA molecule.  

This  work  is be ing  ex t ended  to  lower concen t r a t i ons  of DNA where the  value  of t an  (t (i.e. 
( tan ~)0) is i n d e p e n d e n t  of concen t ra t ion ,  to  ob ta in  e s t ima te s  of the  molecular  d imensions ,  and  to  
the  a lka l ine  s ide of neu t r a l i t y .  At pH 6.o, log ( tan It)0 -- 2"54. 

We wish to t h a n k  the  Br i t i sh  E m p i r e  Cancer  Campa ign  (No t t i nghamsh i r e  Branch)  for generous 
ass i s tance  wi th  the  expenses  of th i s  i n v e s t i g a t i o n  and for the  award  of a bu r sa ry  to one of us (S. M.), 
and  M. R. PORTER for va luab le  help and advice.  
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L-Azaserine as an inducing agent for the development of phage 
in the lysogenic Escherichia coil, K-12" 

The ab i l i t y  of an agen t  to  induce  the  d e v e l o p m e n t  of ac t ive  bac t e r iophage  froni the  p rophage  
s t a t e  in lysogenic  b a c t e r i a  can be corre la ted  wi th  m u t a g e n i c  and  carc inogenic  ac t iv i t i e s  1. These and 
other  r a d i o m i m e t i c  agen ts  b r ing  abou t  cy to logica l  changes  in bac t e r i a  cha rac te r i zed  by  chromosomal  
abe r r a t i ons  and  f i l amen ta t i on  2. 

L-Azaserine (O-diazoacetyl  serine) is a new an t ib io t i c  which is rece iv ing  special  a t t e n t i o n  because  
of i ts  an t i -neop las t i c  a c t i v i t y  3. As a m u t a g e n i c  agent  in  bac te r i a l  sys tems,  azaser ine  was more ac t ive  
t h a n  n i t rogen  m u s t a r d  4, I n d u c t i o n  of f i l ament  fo rma t ion  in  Escherichia coli by azaser ine  has also 
been observed  s. Because  of these  r a d i o m i m e t i c  propert ies ,  we p red ic ted  t h a t  azaser ine  could induce  
the fo rma t ion  of ac t ive  phage  (lambda) in the  lysogenic  Escherichia coli, s t ra in  K-I2,  This  was  
indeed  true.  

T A B L E  I 

EFFI.2CT OF L-AZASERINE ON BACTERIA AND lambda PHAGE IN CULTURES OF gscherichia coli, K-i , .  

L-Azaserine 
Medium ~g,'ml 

Bacteria per ml Phage per ml 

oh 5 h o h  5h 

S-G* o 2.14 • IO 6 1.25" Io 8 o 5,8" lO 4 
o.I 2.14 • lO 6 I.OO. lO 6 o 2. 3 • IO: 

N u t r i e n t  o 8.43- lO 9 1.o 3 • Io 9 o 1.6. lo  s 
Bro th  2oo 1.44- io  6 <~ IO a o > 5.0. lo  7 

* S-G = Sal ts-Glucose med ium.  
Cells g rowing  in  the  respec t ive  med ia  were h a r v e s t e d  a t  the  loga r i thmic  phase  of growth,  

washed  twice  wi th  med ia  and  inocu la t ed  in to  fresh med ia  to  g ive  the  in i t i a l  colony counts  i n d i c a t e d  
for t i m e  zero. Samples  were t a k e n  a t  i n t e rva l s  and  p l a t ed  for colony formers  and  for free phage.  
Free  phage  was  measured  as p l aque  formers  on a s t r e p t o m y c i n  r e s i s t an t  m u t a n t  (C-Sr) of the  indi -  
cator,  s t r a in  C, in  the  presence of s t r e p t o m y c i n  (method of BERTANI6).  


