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STUDIES IN THE DETERMINATION OF NUCLEOTIDE SEQUENCE 

IN DEOXYPENTOSENUCLEIC ACIDS 

by  

A. S. J O N E S  AND D. S. L E T H A M  

Chemistry Department, University o] Birmingham (England) 

There  have  been several  repor t s  of inves t iga t ions  of the  nucleot ide  sequence  in pentosenucle ic  
acids  (PNA) 1 and  deoxypen tosenuc le ic  acids  (DNA) 2 us ing  enzymic  m e t h o d s  of degrada t ion .  As yet ,  
few definite conclus ions  can  be d rawn  f rom these  e x p e r i m e n t s  and  only  l imi ted  i n fo rma t ion  ha s  
been ob ta ined  a b o u t  t he  sequence  of tile py r imid ine  nucleot ides .  Moreover,  t he  i n t e rp re t a t i on  of 
t he  resu l t s  has  been rendered  unce r t a i n  by  the  possible occurrence  of exchange  reac t ions  a. I t  was  
considered desirable,  therefore,  to s t u d y  t he  poss ibi l i ty  of us ing  specific chemica l  m e t h o d s  of de- 
g r ada t ion  in order  to  ob ta in  i n fo rma t ion  a b o u t  nucleot ide  sequence  in DNA.  

F r o m  the  work  of LI, OVEREND AND STACEY 4, where  the re  was  an  ind ica t ion  t h a t  in D N A  
degraded  wi th  di lute  acid some  deoxyr ibose  res idues  were in t he  a ldehydo  form, i t  appea red  t h a t  
i t  would  be  possible  to t r e a t  D N A  wi th  thioglycoll ic  acid and  t h u s  replace t h e  pur ines  by  ca rboxy-  
m e t h y h n e r c a p t a l  g roups  (Fig. i). The  D N A  t h u s  t r e a t ed  would  h a v e  t he  deoxyr ibose  moiet ies ,  wh ich  
were or iginal ly  b o u n d  to t he  pur ines ,  in the  open-cha in  form and  hence  a h y d r o x y l  g roup  would  
be a d j a c e n t  to  the  3'  and  5'  phospha t e s .  According to t he  theories  of ToDl) 6 such  a s t r uc tu r e  would  
be labile to alkali  and  hence,  by  alkaline degrada t ion ,  f r a g m e n t s  con ta in ing  t he  py r imid ine  nucleot ide  
por t ions  i n t ac t  should  be obta ined .  F r o m  Fig. i and  by  ana logy  wi th  the  case of PNA,  it  can be seen 
t h a t  fission could a p p a r e n t l y  t ake  place in two w a y s  represen ted  by  a and  b. I n  e i ther  case, pyr imid ine  
po lynuc leo t ides  would be p roduced  con ta in ing  a t e rmi na l  2 -deoxy-D-r ibosephospha te  d i (carboxy-  
m e t h y l m e r c a p t a l )  group.  If fission occurred a t  bo t h  a and  b, t h e n  a su lphur - f ree  py r imid ine  poly-  
nuc leo t ide  would  be  obta ined .  

Thioglycoll ic  acid (98 %) was  used  for th i s  work  because  it  readi ly  dissolved DNA,  t h u s  ensur ing  
a h o m o g e n e o u s  react ion,  and  was  a ve ry  powerfu l  m e r c a p t a l a t i n g  agen t  which  did no t  need the  
add i t ion  of s t rong  acid as a ca ta lys t .  Thioglycoll ic  acid alone, a t  37 ° C, in t roduced  only  5 0 %  of 
t he  theore t ica l  s u l p h u r  in to  t h y m u s  DNA,  b u t  by  us ing  zinc chloride and  s o d i u m  s u l p h a t e  as ca t a ly s t s  
t he  pur ines  were a lmos t  comple te ly  replaced by  mercap ta l  groups .  Af te r  t r e a t m e n t  of t h y m u s  D N A  
(I g) wi th  thioglycoll ic  acid (45 ml), fused zinc chloride (5.5 g) and  a n h y d r o u s  s o d i u m  s u l p h a t e  (3.5 g) 
for 38 hou r s  a t  37 ° C, the  p r o d u c t  (0.9o g), purified by  e the r  p rec ip i ta t ion  and  e x h a u s t i v e  dialysis  
con ta ined  3.94 a t o m s  of s u l p h u r  per  4 a t o m s  of p h o s p h o r u s  (theoretical ,  ca lcu la ted  f rom the  pu r ine  
c o n t e n t  of t he  original  DNA,  3.85 a t o m s  S per  4 a t o m s  P) ; only  0.02 moles  of aden ine  and  o.oi  moles  
of g u a n i n e  per  4 a t o m s  of p h o s p h o r u s  r ema i ned  and  t he  pyr imid ine  con t en t  was  v i r tua l ly  u n c h a n g e d .  
Tile m e r c a p t a l a t i o n  p rocedure  rendered  on ly  6.2 % of t he  to ta l  p h o s p h o r u s  dia lysable .  

D u r i n g  th i s  inves t iga t ion ,  a m e t h o d  for the  mercap t a l a t i on  of her r ing  roe D N A  us ing  e thy l  
m e r c a p t a n  and  concen t r a t ed  hydrochlor ic  acid was  repor ted  by  LucY AND KENT 7. In  our  hands ,  
however ,  th i s  m e t h o d  did no t  give sa t i s fac to ry  resul ts .  T h y m u s  D N A  did no t  dissolve in t he  r eagen t  
b u t  fo rmed  an  insoluble  gum.  U p o n  shak i ng  t h e  reac t ion  m i x t u r e  for i6 hour s  a t  o ° C, on ly  50 % 
of the  theore t ica l  a m o u n t  of s u l p h u r  was  in t roduced  into t he  nucleic  acid and  a l r eady  15 % of the  
p h o s p h o r u s  was  d ia lysable ;  af ter  5 days  shak i ng  a t  o ° C  over  9 0 %  of t he  ma te r i a l  h a d  become 
dialysable .  I t  appeared ,  therefore,  t h a t  th i s  m e r c a p t a l a t i n g  agen t  caused  ex tens ive  degrada t ion  and  
so was  no t  suff icient ly reliable for i nves t iga t ions  of t he  s t ruc tu re  of t h y m u s  DNA.  

The  D N A  t rea ted  wi th  thioglycoll ic  acid (TDNA) was  readi ly  degraded  wi th  alkali.  Af te r  
t r e a t m e n t  a t  p H  12 a t  37 ° C for 26 hours ,  46 % of the  p h o s p h o r u s  was  d ia lysable  aga ins t  di lute  alkali  
(pH 12) and  a fu r the r  50 % aga ins t  2 _~I sod i um chloride. I t  is in te res t ing  to no te  t h a t  CHARGAFF et al. s 
h a v e  repor ted  t he  p roduc t ion  of d ia lysable  f r a g m e n t s  by  the  alkal ine degrada t ion  of apur in ic  acid, 
t he  ma te r i a l  ob ta ined  by  r emov i ng  the  pur ines  f rom D N A  at  p H  1.69. I t  would  appea r  t h a t  these  
f r a g m e n t s  m i g h t  be s o m e w h a t  s imilar  to those  ob ta ined  f rom our  T D N A .  In  t he  l a t t e r  case, however ,  
the re  was  the  g rea t  a d v a n t a g e  t h a t  the  size of t he  f r a g m e n t s  could be e s t ima t ed  f rom the i r  S : P rat ios .  

The  alkal ine h y d r o l y s a t e  of T D N A  was  neu t ra l i sed  and  t he  c o m p o n e n t s  s epa ra t ed  b y  pape r  
c h r o m a t o g r a p h y  us ing  va r ious  so lven t  s y s t e m s  and  paper  e lec t rophores is  a t  va r ious  p H  values .  I n  
th i s  m a n n e r  it  was  shown  t h a t  the re  were p re sen t  a t  leas t  e leven componen t s .  One  of these  con ta ined  
1.95 moles  of t h y m i n e  to one of cy tos ine  and  3.94 a t o m s  of p h o s p h o r u s  to two a t o m s  of su lphur .  
These  resu l t s  ind ica ted  t h a t  t he  s u b s t a n c e  was  a t r inuc leot ide  l inked to  a m e r c a p t a l a t e d  2-deoxy-  
D-r ibosephospt la te  residue.  T he  nuc leo t ide  sequence  was,  therefore ,  e i ther  c y t o s i n e - t h y m i n e - t h y m i n e  
or t h y m i n e - c y t o s i n e - t h y m i n e  or poss ib ly  a m i x t u r e  of t he  two. I t  appea red  t h a t ,  in th i s  case, fission 
a t  b o t h  a and  b could no t  h a v e  occurred as th i s  would  h a v e  p roduced  a su lphur - f ree  polynucleot ide ,  
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bu t  as yet  no evidence has been obtained of the  location of the 2-deoxy-D-ribosephosphate di(carboxy- 
methylmercapta l )  residues. 

The material  remaining in the dialysis sac after  dialysis of the alkaline hydrolysate  of T D N A  
against  running  tap  wate r  was found to run  as a single zone bo th  by  paper  ch roma tog raphy  and 
paper  electrophoresis, a l though considerable s treaking made it doubt fu l  whether  the subs tance  was 
homogeneous.  This material  contained 1.48 moles of thymine  to one of cytosine and 4.2 a t o m s o f  
phosphorus  to 2 a toms  of sulphur.  If  alkaline degradat ion had occurred as in a or b, then  it appeared 
tha t  this material  consisted mainly of trinucleotides linked to a terminal  2-deoxy-D-ribosephosphate 
di (carboxymethylmercapta l )  residue. Work  on the complete identification of these and other  com- 
ponents  is proceeding. 

F r o m  the  above results  it was apparen t  t ha t  t r ea tmen t  wi th  thioglycollic acid and subsequent  
alkaline degradat ion of DNA afforded a method for the determinat ion of the sequence of the pyrimi-  
dine nucleotides. Al though no produc ts  have been identified conclusively, there appeared to be 
present  pyrimidine polynucleotides as complex as trinucleotides, thus  indicating the presence in 
intact  DNA of regions containing at  least three pyrimidines linked together.  

The authors  wish to t hank  Professor M. STACEY, F.R.S., for his interest  in this work and the 
British Empire  Cancer Campaign (Birmingham branch) for financial assistance. 
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T H E  INFLUENCE OF F E E D I N G  OXYTHIAMINE ON T H E  T H I A M I N E  

PYROPHOSPHATE CONTENT OF SOME TISSUES OF T H E  PIGEON 

by  

E L I Z A B E T H  P. S T E Y N - P A R V t ~  

Laboratory [or Physiological Chemistry, The University, Utrecht (Netherlands) 

The  recen t  pub l i ca t ion  of a pape r  by  DE CARe, RINDI AND GRANA 1 on t he  metabo l i c  effects 
of (neo)pyr i th iamine*  and  t he  t h i a m i n e  c o n t e n t s  in t he  t i s sues  of t he  r a t  p r o m p t s  us  to c o m m u n i c a t e  
t he  resu l t s  of some  expe r imen t s ,  carr ied ou t  in 1952, r egard ing  t he  effect of feeding o x y t h i a m i n e  
on t he  t h i a m i n e  p y r o p h o s p h a t e  (TPP) c o n t e n t  of t i s sues  of t he  pigeon.  I t  was  original ly in t ended  
to pub l i sh  these  resu l t s  as p a r t  of more  ex t ens ive  inves t iga t ions  on the  mode  of ac t ion  of t h i a m i n e  
an t agon i s t s ,  b u t  cons ider ing  t he  in te res t  th i s  sub jec t  evokes  in va r ious  quar te rs ,  it  seems preferable  
no t  to de lay  th i s  in fo rmat ion .  

Since t he  d iscovery  in 1943 by  WOOLLEY AND WHITE 3 t h a t  smal l  doses of py r i t h i amine ,  g iven  
to  mice m a i n t a i n e d  on a diet  con ta in ing  a d e q u a t e  a m o u n t s  of t h i amine ,  p roduced  s y m p t o m s  closely 
resembl ing  those  of t h i a m i n e  deficiency, evidence ha s  a c c u m u l a t e d  po in t ing  to the  fact  t h a t  s t r uc tu r a l  
ana logues  of t h i amine ,  n o t a b l y  p y r i t h i a m i n e  and  o x y t h i a m i n e  ~,s, ac t  as a n t a g o n i s t s  to t h e  v i t a m i n  
in rive. J u d g i n g  f rom c o m p a r a t i v e  s tudies ,  pe r fo rmed  by  CERECEDO and  collaboratorse,  7, i t  would  
seem t h a t  p y r i t h i a m i n e  h a s  a more  p ronounced  a n t i v i t a m i n  effect t h a n  o x y t h i a m i n e ,  as t he  former  
calls fo r th  s y m p t o m s  of po lyneur i t i s  in mice while t h e  l a t t e r  fails to do so, a l t h o u g h  typ ica l  s y m p t o m s  
h a v e  been  observed  in chicks  fed o x y t h i a m i n e  s. 

WOOLLEY 9 h a s  compa red  t he  T P P  c o n t e n t s  of t he  l ivers of 2 g roups  of mice, bo th  fed a h igh ly  
purif ied ra t ion  s u p p l e m e n t e d  wi th  t h i a m i n e  and  one g roup  receiving a single dose of 0. 5 m g  pyr i -  
t h i amine .  Surpr is ingly ,  T P P  was  no t  reduced  in t he  l ivers of the  l a t t e r  group as compared  to t he  
former ,  a l t h o u g h  t he  an im a l s  h a d  developed  severe  s y m p t o m s  of deficiency w h e n  t h e y  were sacrificed. 
Now in a deficiency p rovoked  b y  depr iva t ion  of t h i a m i n e  the re  is a lways  a m a r k e d  decrease of T P P  
in all t i s sues  TM. A l t h o u g h  t he  precise mode  of ac t ion  of t he  a n t i v i t a m i n  is as ye t  u n k n o w n ,  it  is to  
be  expec ted  t h a t  it  will s o m e h o w  interfere  wi th  t he  r ep l acemen t  of T P P  in t he  app rop r i a t e  e n z y m e s  
and  if ca t abo l i sm exceeds  rep lacement ,  T P P  will g r adua l ly  d i sappear .  

These  cons idera t ions  induced  us  to inves t iga te  th i s  poin t .  For  prac t ica l  r easons  11 p igeons  were 
used  as t e s t  an ima l s  a n d  o x y t h i a m i n e - - m u c h  more  easi ly ob ta inab le  t h a n  p y r i t h i a m i n e - - a s  an t a -  
gonis t** .  

I n  t he  first  e x p e r i m e n t  2 g roups  of 6 p igeons  each r e c e i v e d - - b y  forced f e e d i n g - - 2  g casein  
and  18 g sucrose  daily,  s u p p l e m e n t e d  wi th  sa l t  and  v i t a m i n  m i x t u r e  TM and  ioo  ? t h i a m i n e  daily.  
In  add i t ion  one  g roup  received I m g  o x y t h i a m i n e  daily.  Af ter  15 days  the  an ima l s  were sacrificed 
and  T P P  was  de t e rmined  m a n o m e t r i c a l l y  TM in ex t r ac t s  of liver, hea r t  musc le  (left ventr icle) ,  b r eas t  
musc le  (pectoralis  major)  and  b ra in  (cerebrum).  A t  th i s  t i me  t he  an ima l s  in t he  o x y t h i a m i n e  g roup  
did n o t  ye t  show a n y  p ronounced  s y m p t o m s  of t h i a m i n e  deficiency. Two an ima l s  in t he  control  
g roup  rece iv ing t h i a m i n e  on ly  had  died f rom o the r  causes.  The  ave rage  va lues  and  t he  ranges  found  

* I n  accordance  wi th  WOOLLEY'S sugges t ion  S t he  pure  p y r i t h i a m i n e  will be  called p y r i t h i a m i n e  
and  no t  neopyr i th i amine .  

** W e  wish  to t h a n k  Dr  J. LENS of N.V. Organon ,  Oss, for k ind ly  supp ly ing  us  w i th  a sample  
of oxy th i amine .  


