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Mechanism of mild acid denaturation of deoxyribonucleic acid 
I t  is well k n o w n  t h a t  a sal ine so lu t ion  of h i gh l y  po lymer ized  D N A  (deoxyr ibonucle ic  acid) t i t r a t e s  
a b o u t  2 p r o t o n s  pe r  4 nuc leo t ides  in  lowering t h e  p H  f rom 7.0 to  3.0. C o n c o m i t a n t  changes  t ake  
place  in t h e  m a c r o m o l e c u l a r  p roper t i e s  of D N A  ~. T h u s  a t  a c o n s t a n t  molecu la r  weigh t ,  t he  r ad ius  
of g y r a t i o n  decreases  b y  a fac tor  of  t h r ee  a n d  t h e  v i scos i ty  decreases  b y  a fac tor  of I5. If  t h e  
t e m p e r a t u r e  is low a n d  if t h e  so lu t ion  is qu ick ly  b r o u g h t  back  to  n e u t r a l i t y  t h e  or iginal  mac ro -  
molecu la r  conf igura t ion  of D N A  is recovered.  Since i t  h a s  been  s h o w n  t h a t  t h e  molecu la r  we igh t  
did  n o t  change  d u r i n g  t h i s  process ,  i t  is ev i den t  t h a t  t h e  c h a n g e s w e r e  t h e  resu l t  of dras t ic  a l tera-  
t ions  of  t h e  i n t r amo l ecu l a r  s t r uc t u r e ,  t he  t r a n s i t i o n  f rom hel ix  to  r a n d o m  coil be ing  induced  b y  
t h e  co-opera t ive  b r e a k d o w n  of h y d r o g e n  bonds  as  a r esu l t  of t h e  c o n s t i t u e n t  g roups  t a k i n g  up  
p ro tons .  A s imi la r  p h e n o m e n o n  h a s  been  obse rved  b y  R.  F .  BEERS AND R.  F.  STEINER 3 :[or a 
s y n t h e t i c  c o m p l e x  c o n t a i n i n g  equa l  a m o u n t s  of po lyadeny l ic  a n d  polyur idy l ic  acids.  

P rev ious  a u t h o r s  h a v e  appea red  to  a s s u m e  t h a t  t h e  p r o t o n s  add  to  t h e  6 -amino  g roups  of 
aden ine  a n d  t h e  6 -amino  g roup  of cy tos ine  in  t h e  acid d e n a t u r a t i o n  of D N A  a n d  t h e  doub le -cha in  
po lynuc leo t idesL3  (Fig. I). B u t  i t  does  n o t  s eem to  h a v e  been  apprec ia t ed  t h a t  t h i s  does no t  lead 
d i rec t ly  to  a n  e x p l a n a t i o n  of t h e  h y d r o g e n - b o n d  breakage .  Indeed  b o t h  t h e  g roups  in ques t ion  ac t  
as h y d r o g e n  donors  in  t he i r  respec t ive  h y d r o g e n  bonds  a n d  t h e  add i t i on  of a p r o t o n  to  t h e  amine  
g roup  does n o t  genera l ly  de t r ac t  f rom i ts  ab i l i ty  to  f o r m  a h y d r o g e n  b o n d  4-e. F u r t h e r m o r e ,  t h e  
f ac t  t h a t  add ing  p ro t ons  to  DI~IA decreases  t h e  i n t e r cha in  repu l s ion  resu l t ing  f rom t h e  nega t ive ly  
cha rged  p h o s p h a t e s  m a k e s  t h e  b r eakage  doub ly  difficult to  comprehend .  
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Fig. i .  P u r i ne -py r i mi d i ne  base  pa i rs  as t h e y  ex i s t  in D N A  
(a) a d e n i n e - t h y m i n e ,  (b) guan ine -cy tos ine .  

I t  appea r s  t h a t  t h i s  d i l e m m a  can  be  resolved  b y  a s s u m i n g  t h a t  t h e  p r o t o n  adds  to t h e  N 1 
pos i t ion  r a the r  t h a n  to  t h e  a m i n o  n i t rogen  group.  The  fo rmer  n i t rogen  ac t s  as a h y d r o g e n  accep tor  
in t h e  i n t a c t  h y d r o g e n - b o n d e d  D N A  s t r u c t u r e  a n d  i ts  af f in i ty  for h y d r o g e n  would  obv ious ly  be  
decreased  b y  t h e  add i t i on  of a p ro ton .  Di rec t  ev idence  on  t h e  pos i t ion  of t h e  e x t r a  h y d r o g e n  in  t h e  
he te rocyc l ic  s i x - m e m b e r e d  r ing  of aden ine  h a s  been  g iven  in t h e  c ry s t a l - s t ruc tu r e  d e t e r m i n a t i o n  
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of aden ine  hydroch lo r ide  b y  W .  COCHRAN 7. I n  COCHRAN'S s t r u c t u r e  t h e  e x t r a  h y d r o g e n  is p laced 
on  t h e  N 1 pos i t i on  in  a g r e e m e n t  w i t h  t h e  a s s i g n m e n t  sugges t ed  he re  for  p r o t o n a t e d  D N A .  Of 
course ,  one does  n o t  " s e e "  a p r o t o n  w i t h  X - r a y s . T h e  X - r a y  Fo--Fc t r a n s f o r m  ind ica tes  a m a x i m u m  
in  e lec t ron  d e n s i t y  a t  a pos i t i on  0.89 A f rom t h e  cen te r  of t h e  N n i t rogen ,  d e m o n s t r a t i n g  t h e  
p resence  of a n  N 1 - H  b o n d  in t h e  v ic in i ty .  T h e  pos i t ive  charge  a d d e d  b y  t h e  p r o t o n  appea r s  to  be  
s h a r e d  b e t w e e n  t h e  N10 , N1, a n d  N 9 pos i t ions  on  aden ine  v ia  r e sonance  be tween  four  di f ferent  
s t r uc tu r e s .  A l t h o u g h  t h e  N 9 of aden ine  h a s  i t s  N g - H  b o n d  replaced  b y  a n  Ng-C b o n d  in  D N A  
i t  is st i l l  poss ib le  to  d r a w  t h e  s a m e  four  r e s o n a t i n g  s t ruc tu re s .  W h e t h e r  i t  is jus t i f iable  to  s a y  t h a t  
cy to s ine  also p r o t o n a t e s  on  i t s  N I pos i t ion  in  D N A  is less cer ta in .  However ,  it  is poss ible  to  d r a w  
th r ee  reasonab le  r e s o n a t i n g  s t r u c t u r e s  of  cy tos ine  w i th  t h e  e x t r a  pos i t ive  charge  s h a r e d  b y  t h e  N 1, 
N 4 a n d  Nv n i t rogens ,  respect ive ly ,  a n d  on  th i s  bas i s  t h e  c o m p a r i s o n  is bel ieved to  be  a good one.  
T h u s  i t  a p p e a r s  m o s t  l ikely t h a t  mi ld  acid t r e a t m e n t  p r o t o n a t e s  t he  N x pos i t ions  of aden ine  a n d  
cy tos ine  in D N A  a n d  also t h a t  t h i s  g ives  a b e t t e r  e x p l a n a t i o n  of t h e  h y d r o g e n - b o n d  b reakage  b y  
acid. 
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Studies of ribose metabolism 
IV. The metabolism of D-glucuronolactone in normal 

and pentosuric human subjects 
A' p a t h w a y  for r ibose  b i o s y n t h e s i s  f r om D-glucuronic acid in t h e  m a m m a l i a n  o r g a n i s m  h a s  been  
p o s t u l a t e d  1, 2 as a r esu l t  of  t h e  d e m o n s t r a t i o n  in an ima l  t i s sues  of t h e  fol lowing r eac t ions  : 

I. D-glucuronic  acid - -+  L-gulonic acid 3 
2. L-gulonic acid - ->  L-xylulose  ~ 
3- L-xylulose ---> xylito14 
4" xylito1 ---+ D-xylulose  4 
5. D-xylulose - -+  D-xy lu lose -5 -phospha te  5 
6. D-xy lu lose -5 -phospha te  ~ -  D-r ibu lose-5-phospha te  s 
7. D- r ibu lose -5-phospha te  ~ D-r ibose-5-phospha te  v 

A block in th i s  p a t h w a y  ha s  been sugges t ed  8 to exp la in  t he  u r i n a r y  excre t ion  of L-xylulose by  
pe r sons  w i th  t he  genet ic  d i s tu rbance ,  essent ia l  pen to su r i a  9. 

W e  h a v e  r ecen t ly  ob ta ined  evidence  in m a n  TM for r ibose s y n t h e s i s  f r om glucose via t h e  
ox ida t ive  a n d  t he  n o n o x i d a t i v e  reac t ions  of t he  pen tose  p h o s p h a t e  p a t h w a y  11. Our  s tud ies  were 
carr ied ou t  wi th  a r ibose " t r a p p i n g "  technic ,  sugges ted  b y  t he  obse rva t ion  of TABOR AND HAYAISH112 
t h a t  imidazoleacet ic  acid (IAA) r iboside appea r s  in t he  ur ine  of r a t s  g iven  IAA.  Us ing  th i s  technic ,  
we h a v e  now d e m o n s t r a t e d  r ibose b io syn thes i s  f rom D-glucuronolactone,  un i fo rmly  labeled wi th  
14C, in a h u m a n  sub j ec t  w i th  n o r m a l  c a r b o h y d r a t e  me tabo l i sm.  Ev idence  is also p rov ided  for an  
i m p a i r m e n t  of  th i s  p a t h w a y  in a sub j ec t  w i th  pen tosur ia .  

A 67-year-old  m a n  w i t h  co rona ry  a r t e r y  d isease  b u t  wi th  n o r m a l  c a r b o h y d r a t e  m e t a b o l i s m  
a n d  a 52-year-old m a n  w i t h  p e n t o s u r i a  were each  g iven  I A A  hydroch lo r ide  TM by  m o u t h ,  and  3 ° 
m i n  later ,  i n t r a v e n o u s  D-glucuronolactone,  un i fo rmly  labeled w i th  14C. (This c o m p o u n d ,  which  
was  ob ta ined  t h r o u g h  t h e  gene ros i ty  of Dr. N. E.  ARTZ of t h e  Corn  P r o d u c t s  Ref in ing  Co., Argo, 
Ill., was  d isso lved  in o.9 % sal ine a n d  ster i l ized b y  pas sage  t h r o u g h  a bacter iological  filter.) Ur ine  
was  collected du r i ng  t h e  ensu i ng  io  h, a n d  a po r t i on  was  pa s sed  over  Dowex- I  ace ta te ,  wh ich  
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