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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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adsorbs  the IAA riboside. L-~!ylulose was  recovered by  eluting the resin wi th  water,  until the 
effluent was free of radioactivity.  The aqueous effluent was deionized by  passage th rough  a mixed- 
bed resin (MB-3 ; Fisher  Scientific Co.), and lyophilized. The residue was applied to W h a t m a n  No. i 
paper  for descending ch roma tography  in n -bu t ano l - e thano l -wa te r  (52:32: 16). The str ip corre- 
sponding in location to authent ic  L-xylulose was cut  out, eluted wi th  water,  and re-chromato-  
graphed in n-butanol-acet ic  ac id -wate r  (4o:1o:5o).  The str ip in the posit ion of xylulose was  
eluted and analyzed for ketopentose 14 and for radioactivity.  The riboside was  recovered f rom the 
Dowex resin and hydrolyzed by  procedures  described previously is. The result ing ribose was 
deionized by  passage th rough  a mixed-bed resin, fur ther  purified by  paper  chromatography,  and 
analyzed for pentose is and for radioactivity.  The results are summarized in Table I. 

T A B L E  I 

URINARY" L-XY"LULOSE AND RIBOSE IN NORMAL AND PENTOSURIC PATIENTS GIVEN IMIDAZOLEACETIC 
ACID ( I A A )  AND D-GLUCURONOLACTONE UNIFORMLY LABELED W I T H  14C 

Normal Pentosuric 

D-glucuronolactone adminis tered (counts/min) r.57 × lO T 7.85 X IO 6 
(#moles) 37 ° 185 

IAA hydrochloride adminis tered (/~moles) 2ooo iooo 
Ur inary  L-xylulose (o--IO h) (/~moles) o. 5 395 ° 

Relative molar  act ivi ty  (eounts /min/#mole)  85 
Total  14C content  (counts/min) 3 °o* 3-36" lO s 
% adminis tered laC o.oo2* 4.3 

Ribose f rom ur inary  IAA riboside (o io h) 
(/~moles) 275 208 
% administered IAA 14 21 
Relative molar  act ivi ty  (counts/min//~mole) 33 
Total  14C content  (counts/min) 9 1 o o  I 9 O *  
% administered I~C o.o58 o.oo2* 

* Significance doubtful,  because of small quan t i ty  of radioactivity.  

The significant 14C incorporat ion in the ur inary  ribose of the "non-pentosuric" pat ient  is 
consistent  with the conversion of D-glucuronolactone to ribose via reactions 1- 7 above. A similar 
observat ion was made in a s tudy  of ribose excreted by  a ra t  given IAA and 14C-labeled glucurono- 
lactone 17. A small quan t i ty  of L-xylulose was  found in the normal  subject ' s  urine, which is in 
accord with a previous demonst ra t ion  of traces of this pentose in the urine of non-pentosuric  h u m a n  
subjects s. I t s  14C content  in the present  exper iment  indicates t ha t  it was very likely derived from 
D-glucuronolactone. 

The pentosuric  subject  excreted a large quan t i ty  of L-xylnlose, the radioactivi ty of which 
demonst ra tes  its origin from n-glucuronolactone. TOUSTER and his associaties have previously 
shown tha t  D-glucuronolactone is a direct precursor  of L-xylulose in a pentosuric  individual is. 
Our subject  also excreted ribose in an a m o u n t  comparable  to t ha t  excreted by the normal  indi- 
vidual. The fact t ha t  it contained vir tually no radioactivity,  however,  indicates {hat it was derived 
f rom sources other  t han  glucuronolactone.  

These observat ions demonst ra te  a mechanism for ribose biosynthesis  f rom o-glucuronolactone 
in a h u m a n  subject with normal  carbohydra te  metabolism. The p a t h w a y  involved is p resumably  
t ha t  suggested by the studies wi th  animal  t issues 2 ~. Strong suppor t  for the postulated block in 
this pa thway  in subjects with essential pentosur ia  is provided by the absence of significant ribose 
biosynthesis  from D-glucuronolactone in our  pentosuric  subject. 

This research was aided by  grants  from the Jane Coffin Childs Memorial Fund for Medical 
Research, and the National  Cancer Ins t i tu te  (C- 315 i). Valuable technical assistance was provided 
b y  M i s s e s  J A C Q U E L I N E  L A R E A U  AND M A D E L I N E  G O L D S T E I N .  D r .  A L E X A N D E R  MARBLE o f  t h e  N e w  
England Deaconess Hospital  kindly made possible the s tudy  of the pentosuric  patient .  The 
authent ic  L-xylulose was a gift of Dr. GILBERT A S H W E L L ,  National  Ins t i tu tes  of Health,  
Bethesda,  Md. 
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Reverse mutarotation of poly-L-proline* 

The m u t a r o t a t i o n  of poly-L-proline I ( [a ]~  = + 4 o°) into poly-L-proline I I  ([a]~ = - - 5 4  o°) has  
been described by  KugTz, BERGER AND KATCHALSKI 1. F u r t h e r  work  on this subject  has been 
publ i shed  since2, 3. I n  the  present  note  the  reconversion of poly-L-proline I I  into poly-L-proline I 
is reported.  

W h e n  a 5 % solut ion of polyproline I I  in formic acid is diluted io-fold wi th  n-propanol ,  the  
specific ro ta t ion  of the  po lymer  changes within a week f rom [a]~ 5 = - - 4 1 5  ° to [a]~ = - - 2 5  °. 
The polyprol ine precipi ta ted by  ether  at  this  stage shows [u]~ = + 5 °0 (coucn., o.35 % (w/v) in 
glacial acetic acid), and it  m u t a r o t a t e s  into polyproline I I  in this  solvent.  Like polyproline I, it is 
ve ry  spar ingly  soluble in water ,  and its infrared spec t rum is identical wi th  t h a t  of polyproline I, 
differing significantly f rom t h a t  of polyproline 112 (see Fig. I). 

Reverse  m u t a r o t a t i o n  of poly-L-proline I I  into poly-L-proline I occurs equally well when  
n -bu tano l  is used instead of n-propanol .  In  the  case of methanol  and ethanol,  reverse mu ta ro t a t ion  
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Fig. I. The infrared spec t rum  of poly-L-proline I ([a~p = + 4o°), -- . . . .  (A) ; poly-L-proline 1I 
([a]~ 5 = - - 5 4 o ° ) ,  - . . . . .  (B); and poly-L-proline obtained from poly-L-proline I I  after  reverse 

m u t a r o t a t i o n  ( [a]~ = + 5 o°) - -  (C). All spectra  were taken f rom KBr  pellets. 


