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Rotary dispersion and the native state of D N A  

The r o t a r y  d ispers ion (optical  ro t a t i on  as a func t ion  of wavelength)  of desoxyr ibose  nucleic acid 
(DNA) has  been d e t e r m i n e d  be tween  32o m/, and  7oo mt,  a t  i n t e rva l s  of 2o m/,  using a Rudo lph  
spec t ra l  po la r imete r .  The dispers ion curves  appea r  to be of the  pseudo-s imple  type  and  the d a t a  
can  be r ead i ly  fit to a one t e r m  Drude  equa t ion  of the  t y p e  [(z] -- K , ~ / ( 1 3 - - . t . ~ )  where [(~] is the specific 
ro ta t ion ,  K,,  is the  ro t a t i on  cons tan t ,  ) ,  is the  w a v e l e n g t h  cor responding  to a charac te r i s t i c  f requency  
of the  v ib ra t ion ,  and  ). is the  w a v e l e n g t h  a t  which the  ro t a t i on  is measured  1. The use of the Drude  
e q u a t i o n  p e r m i t s  the  ca lcu la t ion  of ),0 and  K,.. The p lo t  of l/[tz] vs .  1.2 gives a s t r a igh t  l ine whose 
in t e rcep t  is ).~. The p re sen t  p lo t s  were first e v a l u a t e d  by  eye and then  f i t ted bv  an unwe igh ted  
m e t h o d  of least  squares  if no cons i s ten t  dev ia t ions  were seen. In  all  the  plots,  s t r a i g h t  l ines of good 
fit were ob t a ined  be tween  32o and  a p p r o x i m a t e l y  6oo m/i. In the  70o int, region cons iderable  s ca t t e r  
was  often encountered .  Most of th is  can be a t t r i b u t e d  to  the  loss in reso lu t ion  I. I t  was  necessary  
to use large sl i t  w id ths  to  ob ta in  the  l igh t  necessary  to  p e n e t r a t e  these  sanlples.  All samples  were 
run a t  2 2  C. The cons t an t s  ob ta ined  for DNA before and  af ter  a va r i e t y  of t r e a t m e n t s  appea r  
to  be of cons iderable  s ignif icance bo th  wi th  respec t  to the  na t i ve  s t a t e  and  to i ts  mac romolecu la r  
s t ruc tu re ,  

The  op t ica l  p a r a m e t e r s  of D N A  e v a l u a t e d  by  th is  t y p e  of m e a s u r e m e n t  are cons i s ten t  and  
a t  first appea rance  r e l a t i ve ly  simple.  W i t h  the r e se rva t ion  t h a t  fu r ther  work  will compl ica te  the  
p re sen t  picture ,  we can s t a t e  t h a t  na t i ve  DNA shows an op t i ca l ly  ac t ive  absorp t ion  b a n d  be tween  
17o to  2oo m M in the S c h u m a n n  region.  This  abso rp t ion  band  is a p p a r e n t l y  not  inf luenced by  the 
presence of sa l t  since i t  is the  same for p r e pa r a t i ons  wi th  zero sa l t  concen t r a t i on  and  for p r epa ra t i ons  
in o.2 N NaCI. 

A f t e r  acid t r e a t m e n t  a t  pH  2 or 3 and  subsequen t  r e tu rn  to neu t r a l i t y ,  the  cha rac te r i s t i c  
w a v e l e n g t h  of DNA moves  into the  u l t r a v io l e t  be tween  25 ° and  270 m M. H e a t i n g  to  86 ° C for several  
hours  gives  s o m e w h a t  s imi la r  end results .  E i t h e r  the  t ime  course of these two reac t ions  are qu i t e  
di f ferent  or the  mechan i sms  of d e n a t u r a t i o n  are different  even t hough  the  end resul ts  are cons i s ten t  
and  genera l ly  agree to  w i th in  ~ 5 mtt. The cha rac te r i s t i c  wave l eng th  seems to  change  r ap i d l y  from 
18o to  26o mti upon  acid t r e a t m e n t .  Upon hea t  t r e a t m e n t  a different  course is followed (see Table  I). 
N a t i v e  calf t h y m u s  DN A  at  a 
concen t ra t ion  of o. 14 °o has  a 2~ 
of 17o to i8o  m H. After  hea t  
t r e a t m e n t  a t  85 C for four 
hours  the  ).0 was found to be 
137 m/i. On s t a n d i n g  at  3~C 
for 2o hours  the  va lue  changed  
to 25o to  26o ml,  and  remained  
a t  th is  va lue  even af ter  fur ther  
acid and hea t  t r e a t m e n t .  The 
t ime  course of th i s  reac t ion  has  
not  been followed r igorous ly  
bu t  th is  work  is under  w a y  at  
present .  

This  de layed change  fol- 
lowing hea t  t r e a t m e n t  is sug- 
ges t ive  of the  after-effects  ob- 
served by  TAYLOR, GREENSTEIN 
AND HOLLAENDER 3 fol lowing 
X- i r r ad ia t ion  and m a y  be of 
s ignif icance wi th  respect  to 
the  r ad i a t i on  s ens i t i v i t y  of the  
molecule.  An even t  confined to  
some por t ion  of the po lymer  
m a y  key  the  spon taneous  dis- 
soc ia t ion  of the  ent i re  uni t  if 
g iven  sufficient t ime.  

T A B L E  I 

THE EFFECT OF TREATMENT ON ROTARY DISPERSION OF DNA 

Thymus  I) NA * Treatment Ao A 

Simple e x t r a c t i o n  

E x t r a c t e d  and  purif ied 

E x t r a c t e d  and purif ied 

E x t r a c t e d  and  purif ied 

None 185o 
pH2,  io  min  253o 

None I74o 
pH2,  5 hours  249o 

None 174o 
H e a t e d  85 ~ C, 4 hours 137 ° 
H e a t e d  85 ° C, 4 hours  ands  t o t ed  

a t  3 ° C for 2o hours  25oo 
Above sample  t r e a t ed  p H  3.3 

for 3 hours  245o 
H e a t - t r e a t e d  ac id - t r ea ted  sample  

af ter  24 hours  s t a n d i n g  3" C 252o 

None 2~3o 
p H  3.3, 2o hours  266o 
Storage at  3 ° C for 24 hours  261o 

* We wish to t h a n k  Dr. NORMAN SIMMONS for the calf t h y m u s  
DNA and Dr. GERTRUDE BLUMENTHAL for the  sa lmon  sperm DNA. 

For  any  g iven  p r e p a r a t i o n  the  cha rac te r i s t i c  w a v e l e n g t h  was  found to  be in good agreen len t  
on dup l i ca t e  measuremen t s .  However ,  the  r o t a t i o n a l  cons t an t s  found for sa lmon sperm DNA were 
different  f rom those  found for calf t h y m u s  DNA. The change  in the  charac te r i s t i c  w a v e l e n g t h  
fol lowing d e n a t u r a t i o n  by  h e a t  or acid moves  in the  same d i rec t ion  for bo th  subs tances .  This nmy 
be a difference due to  the  m e t h o d s  of p r e p a r a t i o n  r a t h e r  t h a n  a t rue  species difference. 

I t  is t e m p t i n g  to  ask  if t he  op t i ca l ly  ac t ive  abso rb ing  groups  in the  region of 26o in/, are the  
same absorb ing  groups  c o m m o n l y  found for the  nucleic ac ids ;  namely ,  the  pur ines  and  pyr imid ines .  
If, indeed,  these bands  arise f rom the  same chromophor ic  centers,  i t  would lead one to  conc lude  
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tha t  the optical act ivi ty at 26o nl/z was induced by denaturat ion.  The native s tate  might  thus  be 
a configuration in which the chromophores  part icipate in dipole-dipole interaction, hydrogen bridging, 
or vicinal effects which give rise to the optically active groups absorbing in the 18o m/~ region. 
A pr inlary  shift in the effective electronic per turba ted  states ~ would result in the 26o in/L activity 
once the monomers  were set free from the restraints  exercised by the nat ive configurations. The 
labile bonds between the purines and pyrimidines in complementa ry  polymer  chains nlay be the 
reason for this shifts,6, ~. OM data on the optical activity of the purine and pyrimidine nucleosides 
suggest tha t  their  activity is of opposite sign s, Associations of these two nlononler types would give 
rise to an activity highly sensitive to rearrangements .  Undoubtedly  the optical behavior  of this 
molecule is very complex but  the above a rgument  finds a counte rpar t  in the recent observat ions  
of 1ANDERSTORM-LANG AND SCHELLMAN on the optical behavior  of proteins 9 and is suppor ted  by 
our own measurements  on adenosine which shows a 2,0 of 265 nl/t. 

The prel iminary work reported in this note is being expanded in our labora tory  to include 
detailed exper iments  on the effect of pH and ionic s t rength  on the ro tary  dispersion of DNA and 
its componen t  parts .  The effect of enzynle depolymerization is at present  being invest igated by  
this method.  Because of the similarities between DNA and RNA we have begun sinlilar measu remen t s  
on the RNA molecule and its component  parts .  
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• The senior au thor  of this note was decided by the flip of a coin. 

Preparation and properties of 3-phenyl-2-thiohydantoins of serine, 
threonine and cystine 

111 the reaction proposed by EDMAN 1 for the stepwise degradat ion of pepti(les, 3-phenyl-2- 
th iohydantoins  (PTH) are formed from the reaction of phenylisothiocyanate with the N-terminal  
amino acid residues. While the prepara t ion  of the P T H ' s  of some of the amino acids has been achieved 
by EDMAN 2, the synthesis  of the P T H ' s  of serine, threonine and cystine heretofore have not  been 
reported*. In this note, the prepara t ion of these phenyl thiohydai l to ins  will be described, and their 
molar  extinction coefficients aml absorpt ion max ima  will be presented. The absorpt ion charac- 
teristics of the P T H ' s  of other  natura l  amino acids have also been determined. 

In the course of the investigation, it was observed tha t  when the P T H  of threonine (I) was 
dissolved in 1.o N NaOH,  the colorless solution became pink and then changed to yellow within 
approximate ly  2o minutes.  On acidification of the solution with glacial acetic acid, an amorphous  
precipitate formed. A crystalline product,  which elementary analysis indicates is probably  the PTH 
of A-threonine (II), was obtained from ethanol;  the final proof for the inferred s t ructure  remains 
to be established. 

* Since the completion of this investigation by the late Dr. LEV'~ T, a report  by V. 51. INGRAM 
(J. Chem. Soc. 3717 (1953)) of tile synthesis  of the P T H ' s  of serine and threonine has appeared. 
I t  is felt tha t  since the present  report  describes a simplified procedure, publication of the details 
is justified. It  should be noted tha t  the values reported in both  instances for the m.p. of serine are 
in agreement  1176 I78-' given by INORAM), whereas there is a considerable divergence between the 
value reported for threonine by the British au thor  (194)  and tha t  reported here (infra). (IC. H. LI. 1 


