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The  resul t  d e m o n s t r a t e s  a r emarkab le  un i fo rmi ty  of s~p incorpora t ion  into different classes of 
DNA,  sugges t ing  t h a t  all DNA molecules are syn thes ized  a t  the  s ame  rate  in the  course  of cell 
division.  I t  should  be noted,  however ,  t h a t  a considerable  degree of he te rogeneous  labell ing of 
different  D N A  fract ions has  been recent ly  observed ll when  the  cell suspens ion  of the  rabbi t  bone 
mar row  or isolated nuclei  of the  rabbi t  t h y m u s  are  incuba ted  in vitro with  thymidine-14C. The  
d iscrepancy migh t  be a t t r i bu t ed  to the  difference in the  isotopic precursors  used or mere ly  to the  
difference of expe r imen ta l  condi t ions  such as tretween those  in vivo and  in vitro. 

In  the  nex t  exper iment ,  a prepara t ion  of DNA labelled with a lp  was digested with crys ta l l ine  
deoxyr ibonuclease ,  and  the  f r agmen t s  were separa ted  on a D o w e x - l - f o r m a t e  co lumn  us ing  formic 
acid and  formic a c i d - a m m o n i u m  formate  mi x t u r e  as e luants .  The  effluent was rough ly  classified 
into six f ract ions according to the  elution concent ra t ions .  No par t icu la r  effort was made  to ident i fy  
each fract ion obta ined.  Here again,  no he te rogeneous  d is t r ibu t ion  of a2p in different  DNA frag- 
m e n t s  was found (Table II) despi te  the  fact t h a t  the  ratio of E~6 0 to E~7 5 varied widely t h rough  
the  fractions.  The  resul t  ob ta ined  here is in good ag reemen t  with t h a t  of MOLDAVE AND HEIDEL- 
BERGER $ who repor ted in t ramolecu la r  homogene i ty  in DNA syn thes i s  as seen by  the  incorpora t ion  
of s2p and  glycine-2-t4C. The i r  resul ts  toge ther  with ours  would indicate  t h a t  phosphory l a t i on  
of DNA precursors  t akes  place in a very  shor t  period so t h a t  non-un i fo rm incorpora t ion of a2p 
is no t  de tec table  in such  a t ime in terval  s tudied.  However  a definite conclusion on this  m a t t e r  
will have  to be left unt i l  a more  precise f rac t ionat ion of s2P-labelled DNA digests  is unde r t aken .  

T A B L E  II 

DISTRIBUTION OF 32p AMONG DIFFERENT FRACTIONS OF FRAGMENTS OF RABBIT APPENDIX D N A  
DIGESTED W I T H  D E O X Y R I B O N U C L E A S E  

Fraction No. i 2 3 4 5 6 7 

Un/raaionated 

R.S.A. 174 I57 157 I49 176 170 r33 z99 
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The conversion of 1-aaC-D-glucuronolactone to 5-1=C-L-xylulose 
in a pentosuric human 

ENKLEWITZ AND LASKER 1 repor ted in 1935 t h a t  D-glucuronolactone grea t ly  enhances  the  excre t ion  
of L-xylulose in ind iv iduals  wi th  essent ia l  pentosur ia .  More recently,  we conf i rmed the i r  f inding 
a n d  also showed  t h a t  smal l  increases in u r ina ry  xylu lose  levels occur  when  n o r m a l  h u m a n s  a n d  
gu inea  pigs  are  fed g lucuronolac tone  ~. T he  h igh yield of xylu lose  in pentosur ic  indiv iduals  sugges t s  
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t ha t  the  t:on'<ersi~lll 1~ it htirlv direct cme The low yield ill "llol'J-t)t:nD~sllric" tlunllins itlld ~tlillea 
pigs is consistent with ;tc,.-umuh~ting evidence tha t  l.-xvItlh)se is a normal metab<~lic intermediate3, 4. 
P,y ailal(~gy with the It)logical c(mvcrsi(,n ut 0-1~host)lm-l)-gluconic acid to l~-ribuh)se-5-phosphate :~ 
and of l)-Rhlcllronl)lacttlne and L-gtll¢~nolact(lne to L-ascorl)ic acid 6,:, iIlechanisllls [~r the trails- 
forlllation of I)-ghlctmmtdacttmc 1~) i.-xx'lul(~se have tleell suggested which inx'~lxe the loss of 
the carboxvl carl}~m a. 

F.xperinlental v,'t)rk on the nlt,chanisnl ¢)1 the transh)rnlati()n depended m part  lip(in the 
availability of suitablv-labtqed ~4hlcuronolactone. The Corn Products Retining ( 'onlpany,  Argo, 
Illinois, developed syntheses (,f iJ:R'- and of t>~at'-D-glncuronolactone, and it is through the 
generosity of I)r. Nl.:.~l. 1' . ' . . \urz ,~l that  tirm that  we obtained samples of these prepara t ions  
for tracer exper iments  in a h l lman.  In addition, Dr. t;RANK EISENI3ERG, Jr., an,l I),'. I)}'7~VITT 
STE1"Tt.:t<, Jr., of the National Inst i tute  of Arthrit is  and Metabolic l)iseases, furnished us with 
a port ion of l-Ia('-D-gluctlrt~nolactt)ne they had received fronl l)r. ;\RTZ. The tat" analx'ses (~f /)lll" 
products  were made possi~ale through the genertms cooperati(,n ~i l~r. 511)NI';y \VEINHOtl.qlS, t)~" 
the l .ankenau Inst i tute  for ( 'ancer Research, wtm arranged to have samples analyzed by the 
mass  spect rograph at the St,n Oil ( o m p a n y ,  Marcus l took, Pennsylvania.  \Ve are indebted to 
Mr. Josl..'pt! I'AUI..SEN Of that  firnt for these analyses. 

Our exper iments  were carried out with the same mah, pcntosuric subject ((;. W.) who had 
been studied in earlier work i. Since previous exper iments  on the ettect oI ghtcuronolactone on 
xylulose excretion had involved the use el 5 g oral doses of test comi)ound 1,=. it seemed advisable 
to continue the practice ill tracer e.xperime.nts, especially since we c~mhl not ohtain consent to 
inject ghmuronolactone.  Each of the labeled prepara t ions  (o.t4o g b-ts('-l~-glueuron~lactone and 
o. tg7 g l-lat'-D-glucuronoh~ctone containing 0o% and 40% excess ~a~.- in the respective labeled 
positions) were ntixed with a large a m o u n t  of unlabeled ccmlt)ound t(~ give the isotopic content  
indicated below in the description of each e x p e r i m e n t  

3.14 g o-zaC-D-gIucurtmolactone containing t.(,3% excess tat in the terminal position was 
administered in one oral dose as a solution in zoo ml of water. Since previous experience had 
shown tha t  the effect of glucuronolactone on xvltdose excretion lasts only a few hours, the urine 
was collected during the next 6 It and xylulose isolated as follows. 1 -'5 ml of the urine was deionized 
with ion-exchange resins and chromatographed  on a l)owex-t  (borate) column, fractions con- 
taining xylulose being pooled, deionized, anti pnrified by paper  chromatc)graphy 'a. The pentose 
was fllrther purified ~'ia the crystalline p-hromophenylt 'Lvdrazone derivative anti then sent to 
I)r. \.VIqNIIOUSE, who conx'erte(/ it to bar ium carbonate  for isotopic analysis. No excess ~a¢." was 
:[onnd (xyhtlose ~s(" content,  l . t ' )¢)°tl;  glucose s tandard,  t.o8%,). 

P,v the time ~-~a('-I)-ghtcttronolactone became available, a much simpler metln,d for isolatmg 
x vlulose frmn pentosuric urine was in use in this laboratory.  5.o g glucuronolactone containing 

• St % excess is(' in ('-~ was administered orally in (me dose. 5 ° m l  of the urine collected during 
the subsequent  6 h-period was demnized over : \mberli te II¢.-~ zo anti l)uolite A- 4 and the filtrate 
evaporated to dryness. The residue was dissolved in a small vohtme of methanol  for prel)arative 
chromatography  (ascending) on sheets of \Vhatman 3 MM paper, with 8o"o tm)t)anol as s()l\'ent. 
The position of the ketopentose was determined by spra.ving a narrow strip ()f each paper  with 
naphthoresorcinol  reagent ~. The approt)riate horizontal length of t)aper \vas then (:tit ()tit and 
eluted with water. The eluate was evap()rated to dryness, the residue dissolved in t m[ ¢)5",', 
ethanol,  and .50 ml ether added to precipitate in t tmr i t i e s . . \ he r  s tanding in the refrigerator over- 
night, the solution was filtered, the tiltrate evaporated to dryness, and the I)recipitation step 
repeated. Evaporat ion of the tih,'ate viehled .5o mg of oil which appeared COml)letely pure by 
colorimetric assay by the cvsteine-carl')azole method 'a and by paper  chron~atographic analyses m 
4 solve.nt sys tems:  ~-lmt\ 'l  alcohol pyr id ine-water  {~o:3:.3), ~z-tmtvl alcohol sa tura ted with ~ o  
ammonia  water, ethyl aceta te-pyr idine water !5:2:5),  and benzene .n- lmtvl  alcohol pyridine 
water (I : 5: 3:3). Nal)hthoresorcintd and perit)t|ate l° spray reagents were use(t .~o detectable 
alnotlnts t)[ glucuronic acid, glucuronolactone, or other  nlaterial was present.  

The xyluh)se,  eon\ 'erted to barium carbonate  hv Dr. \VEINHOUSE, assayed o.I e and o.13 % 
excess ~a(" in duplicate anah'ses.  Since the cart)on chain of the administered substance had an 
average excess ~a(- of o.-5~ti,, the result suggested that  half the urmarv, xvhdose, was derived 
directly from the administered glucurmmlactone. This conclusitm is in ha rmony  with previous 
non-isr~topic studies. It  is obvicms that  the high isotope content  el the isolated pentose could 
not  have resulted from the presence of a sntall amount  el impuri ty.  

The labeled xvh~lose was subjected to a degradation procedure designed to establish the 
~a(' content  of t.'- 5. the most  l)rohatde location of the tracer. It is well established tha t  periodate 
oxidation of ketoses is less complete than tha t  of alctoses, b()th linkages adjacent to ('-z being 
less readih" cleaved than others u,~=,ts,~. This would lead to a lower yield of formaldehyde lrum 
the hydroxymethy t  group adiacent to the carbonvl than from the other terminal grottp. This 
si tuation seems to apply particularly to xvlulose. In permdate  oxidations carried out  in sodium 
tfiearbonate (pH 6.5), we, as well as Rl~:w:s ~a, ¢,btained ,R 5 t o  ,~o ",,  yields of f~,rmaldehx'de from 
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fructose, whereas we have obtained between 63 and 76% with xylulose. Periodate oxidation of 
the labeled xylulose should therefore yield essentially all of C- 5 as formaldehyde, together with 
a smaller percentage of C-I. 

To 15 mg of the labeled xylulose dissolved in 2. 3 ml water  were added 2 ml I N NaHCO 3 
and 2 m l o . 3 M  H I O  4. After i h at  room tempera ture ,  3 ml t N  HC1 and 2 ml 1.2N NaAsO I 
were added to terminate the reaction. 3 ml 2 N NaOH were added and the solution distilled to 
near dryness to obtain the formaldehyde. Three additions of I5 ml port ions of water,  each followed 
by distillation, were made to ensure complete recovery of the formaldehyde. The combined 
distillates, after addition of ioo mg Na2S205 to bind the formaldehyde, were concentrated under  
vacuum to 2 ml and then to dryness with a current  of air and gentle warming. To liberate SO s, 
the residue was dissolved in 0. 5 ml HCI and allowed to s tand for 3 ° min at  room temperature .  
K103 was added and the resulting solution oxidized to convert  the formaldehyde to bar ium 
carbonate 15. The latter material was sent to Dr. Weinhouse, who relx~rted tha t  it contained 0.54 % 
excess 13C. This result demonstra ted tha t  most  of the label was in a terminal position of the 
pentose. If it had been equally distributed between C-x and C-5, the formaldehyde would have 
contained 0.31% excess ~zC (512 × o.125 %). If all the label were in only one terminal position, 
this carbon a tom would contain 0.625 % excess xsC (5 × o.125 %). This labeled position could 
not  be the one adjacent to the carbonyl, since periodate oxidation would have yielded a greater 
amoun t  of formaldehyde from C-5 than  from C-t, thus  producing formaldehyde with less than 
o.3i % excess 13C. On the other  hand, labeling exclusively in C-5 should lead to formaldehyde 
with an isotope excess approaching o.625 %, this value being lowered to the extent  of cleavage 
of C-t. The value ot 0.54 %, indicates that  a 58 % yield of formaldehyde occurred (I6 % cleavage 
of C-Q, a result in agreement  with the trial experiments  on unlabeled pentose. 

These experiments  demonst ra te  tha t  administered D-glucuronolactone is a direct precursor 
of L-xylulose in the pentosuric human,  tha t  the carboxyl carbon of glucuronolactone is lost in 
the conversion, and tha t  its aldehydic carbon becomes C-5 of xylulose. There is no experimental  
or theoretical reason to postulate  cleavage of the carbon chain, and, as indicated above, feasible 
mechanisms for the direct conversion are available. Although elucidation of the mechanism by 
which D-glucuronolactone serves as a precursor of L-xylulose in the pentosuric does not necessarily 
yield information concerning the normal mode of synthesis of the pentose by the pentosuric or 
by other  mammals ,  it is significant tha t  recent studies have disclosed the presence of liver enzymes 
which act on glucuronic acid and its lactone~,xT, ~. In fact, one report  la describes an enzyme 
sys tem which specifically liberates C-6 as CO,. I t  therefore seems probable tha t  D-glucuronolactone 
is on the normal biosynthetic pa thway  of L-xylulose. Fur the r  work on L-xylulose formation in 
animals is in progress in this laboratory. 

The authors  are indebted to the pentosuric subject  for part icipating in this s tudy  and to the 
several men mentioned in the text  whose cooperation made this s tudy  possible. The investigation 
was supported in par t  by a grant  from the National Science Foundat ion.  
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