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The u.v.-absorption of calf-thymus D N A  

I t  is general ly  accepted tha t  the ext inc t ion  coefficient of D N A  measured at  2590 A 
is dependent  on the degree of dena tu ra t ion  of a DNA solution. This is a consequence 
of the  hyperchromic i ty  d i sp layed  by nat ive  DNA on dena tura t ion .  The a tomic  
ext inc t ion  coefficient wi th  respect  to phosphorus  of DNA prepared  by  mild methods  
is in the  v ic in i ty  of 66oo (see ref. x); however,  many  of tlie repor ted  values lie in a 
b road  range about  this figure. Ex t inc t ion  coefficients as low as 5()oo (see ref. 2), 
and  6ooo (see ref. 3) and  as high as 75oo (see ref. 4, 5) have been repor ted  for nat ive 
DNA.  The values ob ta ined  by  other  invest igators  6 ~0 fall within the  region 63oo -66oo. 
In an a t t e m p t  to de termine  a more accura te  ext inc t ion  coefficient for na t ive  DNA 
nine samples  of ca l f - thymus  DNA were p repared  under  s l ight ly  different condit ions,  
the  var ious  modif icat ions being designed main ly  to test  the effect of ionic his tory.  
Samples  which were never  subjec ted  to low ionic s t rengths  during p repara t ion  yie lded 
an e(P) of 6540, while samples dissolved in wate r  during prepara t ion  gave a value 
of 666o. 

In  a physico-chemical  s tudy  of the dena tu ra t ion  of aqueous DNA solutions, 
to be submi t t ed  for publ ica t ion  in this  journal ,  it was desirable to prepare  samples  
of D N A  free from NaC1, and,  moreover ,  i t  was essential  in the  prepara t ion  to use 
aqueous solutions wi thou t  added  salt .  To fulfil these condi t ions it was necessary 
to ca r ry  out  the  final p rec ip i ta t ion  with  e thanol  from a salt-free solut ion ra ther  than  
from x M NaC1 as commonly  employed.  The u .v . -absorp t ion  of var ious  samples  
subjec ted  to this  t r e a tmen t  was compared  with  measurements  made on DNA samples  
t ha t  had  never  been dissolved in water  of low ionic s trength.  Table  I lists the pre- 
pa ra t i ve  histories of the nine salnples used in this and la ter  invest igat ions.  

The u .v . -measurements  were made  on solutions of DNA in o.I  3 I  NaC1 prepared  
in one of two ways:  (a) D N A  was dissolved in water ,  at  4 °, to give a concentra t ion  
of 3" IO a M with  respect  to phosphorus  and subsequently, made  o.I  M with respect 
to NaC1 by  the addi t ion  of concen t ra ted  salt  solution and then di lu ted  to 5 '  Io  '~ 31 
D N A  with  o . I  M NaC1; (by D N A  was dissolved directly, in o . i  M NaC1 and la te r  
d i lu ted  with  o.I  M NaC1 to 5" Io-5 M DNA. All e(P) values refer to the phosphorus  
concent ra t ion  de te rmined  on each stock solution. 

As no significant difference was not iced between methods  (a) and  (by for the 
samples  tha t  had  been dissolved in water  of low ionic s t rength,  these results  were 
pooled and are shown in Table I I ,  about  equal  numbers  of both  samples being 
used. The ext inc t ion  coefficient of the  samples  dissolved in wate r  dur ing p repara t ion  
was found to be 666o ± 3o. The results  for the  DNA samples  never dissolved at low 
ionic s t reng th  dur ing p repa ra t ion  are given in Table  I I I .  I t  can be seen tha t  a small  
bu t  significant difference between methods  (a) and  (by was found. If  the sample was 
dissolved in wate r  before ad jus t ing  to o.I  M NaC1 a value of 663o was ob ta ined  
in agreement  wi th  the  results  expected  from Table I I ;  however,  if the sample was 
dissolved d i rec t ly  in o.z M NaC1 an average value of 654 o was obtained.  This value 
is to be regarded  as the ext inc t ion  coefficient of na t ive  D N A  as p repared  bv the 
de te rgent  me thod  n and is ve ry  close to the value of 665o xL 5 ° recorded by  CHAR(;AFF 
AND LIPSHITZ lz, al though these measurements  were made  before the  poss ib i l i ty  of 
dena tu ra t ion  of D N A  b y  exposure  to solut ions of low ionic s t rengths  was fully 

Abbrev ia t ion :  DNA,  deoxyr ibonuc le ic  acid. 
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TABLE I 

PREPARATIVE HISTORIES OF NINE SAMPLES OF CALF-THYMUS D~A 

531 

Preparati,e history Dissolutions 
in water 

P r e p a r a t i o n  z 

Prepared by the detergent method n except that  the final fibres were washed with 
ethanol only. Dried over P~O 5 for 2 days i n  vacuo. 2 

P r e p a r a t i o n  2 

As for I, except that  the final precipitation was carried out from aqueous solution. 
Dried over P~O 5. 2 

P r e p a r a t i o n  3 

As for 2, except that  the DNA redissolved in water and precipitated from saline 
solution three times then redissolved in water and precipitated in the absence of 
salt. Dried over P20~. 4 

P r e p a r a t i o n  4 

Portion of 3 dissolved and precipitated from water. 5 

Prepara t i ons  .5 and  6 

As for i, except that  o.i ~V/NaC1 used instead of water at all stages. Air dried, o 

P r e p a r a t i o n  7 

Prepared by the method of GULLAND et al. 13 and finally dissolved and precipitated 
from water. 2 

Prepara t i ons  8 and  9 

As for I, except that  o.ooi 4 M NaC1 was used instead of water at all stages. Air dried, o 

TABLE II 

ATOMIC EXTINCTION COEFFICIENTS MEASURED AT 2590 A OF DNA SAMPLES DISSOLVED 
I N  W A T E R  D U R I N G  P R E P A R A T I O N  

~(P) 
Number cf Pooled results of Standard error 

Preparation measurements methods (a) and (b) 

I 14 6614 26 
2 26 6646 23 
3 18 6651 2o 
4 44 67o5 12 
7 25 6613 22 

Average 6657 

a p p r e c i a t e d .  I t  c an  be  c o n c l u d e d  t h a t  d i s so lu t ion  of n a t i v e  D N A  in w a t e r  a t  a con-  

c e n t r a t i o n  of 3" 10 -3 M resu l t s  in an  i r r evers ib le  i nc rease  in e x t i n c t i o n  coeff ic ient  of 

i .  4 °/o , w h i c h  is c o m p a t i b l e  w i t h  a smal l  a m o u n t  of d e n a t u r a t i o n .  U n f o r t u n a t e l y  

t h i s  smal l  a m o u n t  of d e n a t u r a t i o n  will  c o m p l i c a t e  a n y  s t u d y  i n v o l v i n g  a q u e o u s  

so lu t ions  of low ionic  s t r e n g t h .  

T h e  poss ib le  d e n a t u r i n g  effect  of p r e c i p i t a t i o n  w i t h  e t h an o l ,  w h i c h  m i g h t  be  

p r e s e n t  in all t h e  r e su l t s  so far  g iven ,  was  c h e c k e d  as follows. T h e  , (P )  w a s  d e t e r m i n e d  

for  a so lu t ion  of p r e p a r a t i o n  6 be fo re  p r e c i p i t a t i o n  w i t h  e t h a n o l  a f t e r  t h e  f i rs t  de -  

p r o t e i n i s a t i o n ,  a n d  c o r r e c t e d  for  t h e  res idua l  d e t e r g e n t  p r e s e n t .  T h e  va lue  w a s  f o u n d  
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T A B L E  I I I  

ATOMIG EXTINCTION COEFFICI/~NTS M/~ASURED AT 2 5 9 0  X OF DNA SAMPLI~S NEVER DISSOLVED 
IN Vv'ATER OF LOVV IONIC STRENGTH DUll ING PREPARATION 

l'rcp(trahoJ~ 
~(1') 

3l  clIuM {a J :ll elhod f h) 

5 o540 657 ° 
o 0690 653 ° 
8 667o 6560 
9 ~}02o 049 ° 

A v e r a g e  663 o 654 ° 

to lie between 6580 and 6630 and was not significantly different from the overall 
mean value. 

A source of error in the measurement  of extinction coefficients in the case of 
DNA is apparent  on inspection of the water content of solid samples. For the prep- 
arations initially dried over P205 the water content displayed a general rise from 
5-12 °/o up to 2o-3o ()'o on exposure to atmospheric humidity.  In  all the preparations 
studied, however, there was never any predictable change in water content except 
for the general rise noted above. Because of the variation in water content any 
absorpt ivi ty  measurements which ultintately depend on the weighing out of DNA 
will be inviting error. This could come about,  for instance, if the phosphorus content  
of a part icular preparat ion was determined and at a later date the u.v.-measurements 
made on a different weighed DNA sample. 
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