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sed iment ing  mater ia l  which makes the identif ication of small  adsorbed molecules not  
feasible. A swelling of the filaments,  owing to absorpt ion of solvent  at  the lower pH,  
would  not  be consistent  with the data,  which indicate  an  increase in  the cross-sectional 
weight.  

The physiological role of axon fi laments remains  unknown.  I t  is curious tha t  
f i laments  dissociate under  condit ions which are so near ly  physiological. 
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SUMMARY 

The dissociation of axon filaments, the major fibrous protein of nerve axoplasm, has been studied 
by two independent methods, ultracentrifugation and viscosimetry, and light scattering. Both 
methods agree in demonstrating a marked decrease in molecular weight of filaments when the pH 
is raised from 6.o to 7.7. During this process the length of the filaments decreases only slightly, 
while the diameter decreases markedly. It is not possible at present to distinguish a lateral splitting 
of filaments into nearly equal parts from a splitting off of much smaller material from the filaments. 
This dissociation of filaments is reversible and occurs in the region of physiological pH of axoplasm 
which was found to be 6. 4. Axon filaments are shown by electrophoresis to be very highly charged 
compared to other macromolecular components o5 axoplasm. 
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Columbia University, New York (U.S.A.) 

I t  has been shown tha t  when ribose-5-phosphate (R-5-P) is added to a h u m a n  
hemolysate,  sedoheptulose phosphate  and  alkaline-labile phosphate ester are formed 
after a short  i ncuba t ion  a t  room tempera ture  1. I t  was also found tha t  the amoun t  of 
the alkal ine labile phosphate  produced from R-5-P dur ing a 30 minu te  incuba t ion  
a t  room tempera ture  at  a concentra t ion  of M/I5O, was greater t h a n  tha t  equivalent  

* This  invest igation was suppor ted  by  a grant  from the Rockefeller Foundat ion.  
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to the amount of sedoheptulose phosphate. I t  was assumed, therefore, that  R-5-P is 
part ly converted to another ester which is subsequently converted into sedoheptulose 
phosphate and triose phosphate. HORECKER et al.  ~ found that  R-5-P added to prepara- 
tions from yeast and liver is par t ly  isomerized to ribulose-5-phosphate (Ru-5-P). 
2o-25 % of the latter ester was found in equilibrium with 80-75 % of R-5-P at room 
temperature.  We reported briefly in I954 a that  when the total  amounts of keto- and 
aldopentose were determined by  the cysteine-carbazole 4 and phloroglucinol 5 reactions 
after a brief incubation of R-5-P in a hemolysate at 33 ° it was found that  not about 
30% as expected, but about 60% of ketopentose phosphate was in equilibrium with 
about 40% of the original amount of R-5-P. As the concentration of proteins in the 
hemolysate was found to be without influence on the equilibrium, it was assumed 
that  the isomerization of R-5-P in the hemolysate is a complex enzymic process and 
that  in addition to Ru-5-P, another ester of a 5-carbon keto compound is formed by  
enolization and subsequent inversion or by  a shift of OH between vicinal carbons. 
While this investigation of the isomerization of R-5-P was in progress, ASHWELL AND 
HICKMAN6, 7 in a study of the isomerization of R-5-P in preparations from spleen, 
reported the isolation of D-xylulose and a 3-ketopentose in addition to ribulose from 
dephosphorylated isomer mixtures of R-5-P formed in these preparations. They 
interpreted these findings as resulting from enolization of the keto group on carbon 2 
of ribulose with subsequent shift of hydroxyl  to carbon 3 of the pentose. The present 
report deals with further results of our investigation of the isomerization of R-5-P 
in human hemolysates. 

EXPERIMENTAL 

I. Material and general experimental procedures 
A suspens ion  of red blood cells f rom pooled f luor idated blood was  obta ined  by  repea ted  wash ing  
wi th  saline and  r emova l  of the  whi te  cells f rom the  uppe r  layer. The  cells were hemolyzed  by  
add i t ion  of 11~ v o l u m e s  of water .  The  hemo l ysa t e  was t hen  dialyzed a t  4 ° for 5 -6  days  aga ins t  
H~O or aga ins t  M/4o N a F  of ten  changed.  The  p H  of the  hemo lysa t e  was  7.1-7.2. For  balance 
exper iments ,  to 3 ml  of t he  f luor idated hemo l ysa t e  the  des igna ted  a m o u n t  of R-5-P  in i ml 
of M/4o N a F  was  added  and  t he  m i x t u r e  i ncuba t ed  in a wa te r  b a t h  v a r y i n g  in t e m p e r a t u r e  
be tween  33 ° C and  o ° C. A t  t he  end  of t he  i ncuba t ion  period the  h e m o l y s a t e  was  deproteinized 
by  TCA or HC104. Aldo- and  ke topen toses  were de te rmined  in the  s u p e r n a t a n t .  I n  some experi-  
m e n t s  the  p H  of t he  expe r i men t a l  samples  was  b rough t  up  to 8. 4 by  addi t ion  of i M Tris  buffer. 
For  pape r  c h r o m a t o g r a p h y  of react ion p roduc t s  hemo l ysa t e s  d ia lyzed aga ins t  H 2 0  were used.  

2. Analytical methods 
The  to t a l  a m o u n t  of i somers  of R-5 -P  was  de t e rmi ned  by  a modif icat ion of t he  procedure  used 
b y  AXELROD AND JANG 8 for t h e  de t e rmi na t i on  of R u - 5 - P  fo rmed  by  the  purif ied alfalfa isomeraso 
f rom R-5-P .  Th i s  p rocedure  is based  on t he  fac t  t h a t  R u - 5 - P  is comple te ly  spli t  in 3 ° m i n u t e s  by  
i N H C 1  a t  ioo  °, while on ly  3 o %  of R-5 -P  is hyd ro lyzed  a t  t he  s ame  t ime.  B y  de te rmin ing ,  
therefore,  t he  a m o u n t  of  inorganic  p h o s p h a t e  spli t  off f rom a m i x t u r e  of R u - 5 - P  and  R-5 -P  af ter  
one  h o u r  and  in s u b s e q u e n t  t i m e  in te rva l s  and  c o m p a r i n g  t he  va lues  wi th  t he  a m o u n t s  of  p h o s p h a t e  
spli t  f r om pure  R-5-P,  it  is possible  to  calculate  t he  a m o u n t  of p h o s p h a t e  p re sen t  in t he  form of 
IRu-5-P. As our  i somer  mix tu re ,  in add i t ion  to Ru-5-P ,  con ta ined  still  o the r  isomers ,  we first 
de t e rmined  the  t ime  in t e rva l  necessa ry  to spli t  comple te ly  all of t hese  isomers .  Samples  of the  
i somer  m i x t u r e  and  of pu re  R -5 -P  were hyd ro lyzed  wi th  I N HCI a t  IOO ° and  a l iqnots  were 
t a k e n  af te r  eve ry  ha l f  hour .  T he  a m o u n t s  of  inorganic  p h o s p h a t e  spli t  off f rom the  i somer  m i x t u r e  
a n d  of t h e  R-5'-P respect ive ly  in every  t i me  in te rva l  were p lo t ted  aga ins t  t ime  a n d  t he  po in t  was  
d e t e r m i n e d  a t  which  t he  slope o f  t h e  hydro lys i s  curve  ob ta ined  f rom the  i somer  m i x t u r e  b e c a m e  
parallel  to  t h a t  f rom the  R -5 -P  s t anda rd .  A t  th i s  po in t  (2 hours)  no  s ignif icant  a m o u n t  of  o ther  
es ters  were p re sen t  in solut ion.  Our  i somer  mix tu re ,  therefore,  con ta ined  one or m o r e  subs t ances  
less eas i ly  hydro lyzab le  t h a n  1Ru-5-P. T he  a m o u n t  of i somers  which  are  fo rmed  f rom R-5 -P  is 
ca lcu la ted  f rom the  fo rmula  
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X = 
A - -  0.95 F R -  0.05 

I - -  0.95 FR - -  0.05 

in wh ich  X is t he  f rac t ion  of t he  to ta l  p h o s p h o r u s  added  to t he  h e m o l y s a t e  as R - 5 - P  p r e sen t  in 
for  of i ts  isomers .  A is t he  to ta l  a m o u n t  of p h o s p h o r u s  hydro lyzed  off in two hours ,  a n d  F R is t he  
a m o u n t  of p h o s p h o r u s  hyd ro l yzed  in two hou r s  f rom t he  s t a n d a r d  so lu t ion  of R -5 -P  which  con ta ins  
as  m u c h  of th i s  es ter  as h a s  been added  to t he  expe r i men t a l  sample .  The  factor  o.o5 in t he  n u m e r a -  
tor  and  in t he  d e n o m i n a t o r  represen ts  a correct ion for r ibose - I -phospha te  p resen t  in t h e  equi l ib r ium 
m i x t u r e  a n d  ca lcula ted  u n d e r  t he  a s s u m p t i o n  t h a t  o.o 5 mole of r i b o s e - i - p h o s p h a t e  is in equ i l ib r ium 
wi th  o.95 mole of R-5-P.  T he  to ta l  ke topen tose  in t he  i somer  m i x t u r e  was  de t e rmined  b y  t he  
carbazole  cys te ine  reac t ion  4 wi th  R u - 5 - P  as s t anda rd* .  T h a t  th i s  p rocedure  gave  v e r y  nea r l y  
the  t rue  a m o u n t  of ke topen tose  p h o s p h a t e  p resen t  in t he  i somer  m i x t u r e  was  shown  b y  t he  close 
a g r e e m e n t  of t he  va lues  so ob ta ined  wi th  those  ob ta ined  b y  the  hydro lys i s  me thod .  I t  was  found,  
in addi t ion,  t h a t  xy lu lose -5 -phospha t e  in th i s  reac t ion  develops the  color more  s lowly t h a n  
Ru-5-P ,  b u t  af ter  a b o u t  18 hour s  a t  r oom t e m p e r a t u r e  t he  two ke topen tose  p h o s p h a t e s  yield 
s u b s t a n t i a l l y  t he  s ame  ex t inc t ion  coefficients. This  was  es tab l i shed  by  compar ing  t he  cys te ine  
carbazole  reac t ion  of two p repa ra t i ons  of ke topen tose  p h o s p h a t e s  ob ta ined  f rom our  i somer  
m i x t u r e  by  c h r o m a t o g r a p h i c  sepa ra t ion  on paper ,  one of which  conta ined,  60 % xylulose-  and  
4 ° % Ru-5-P, and  t he  o ther  20 % xylu lose-  a n d  80 % Ru-5-P** .  

The  same  reac t ion  was  used  for the  de t e rmina t ion  of free xylu lose  a n d  ribulose.  \Vi th  free 
ke topen toses  t he  color is developed m u c h  fas ter  9. A grea t  difference, however ,  is observed  be tween  
t he  two  ke topen toses  as far  as t he  ra te  of the  color deve l opmen t  is concerned.  The  m a x i m u m  is 
reached  a t  room t e m p e r a t u r e  in a b o u t  25 m i n u t e s  wi th  r ibulose a n d  only  in a b o u t  3 h o u r s  wi th  
xylulose.  The  l a t t e r  suga r  shows  af te r  25 m i n u t e s  only  7 ° % of t he  m a x i m u m  color, while r ibulose 
a f te r  3 hour s  shows  a decline of a b o u t  7 % in color. B y  de te rmin ing ,  therefore,  t he  opt ical  dens i ty  
of  a solut ion con ta in ing  t he  two ke topen toses  a f te r  25 a n d  18o minu te s ,  respect ive ly  aga in s t  
s t a n d a r d s  of r ibulose and  xylu lose  it  is possible to de te rmine  t he  a m o u n t  of t he  two ke topen toses  
in t he  e x p e r i m e n t a l  sample .  

The  second m e t h o d  by  wh ich  t he  to ta l  a m o u n t  of ke topen tose  p h o s p h a t e  was  d e t e r m i n e d  
is based  on t he  fac t  t h a t  ke topen tose -5 -phospha t e s  are  comple te ly  des t royed  by  an  incuba t ion  
of 15 m i n u t e s  in I N N a O H  a t  r oom t e m p e r a t u r e  9a*. The  alkali  t r e a t m e n t  decreases  t he  color 
p roduced  b y  t h e  aldo es ter  only  b y  a b o u t  IO%. B y  de te rmin ing ,  therefore,  t he  opt ical  dens i ty  
before and  a f te r  t r e a t m e n t  wi th  alkali  aga ins t  a s t a n d a r d  of 5 -R-P  con ta in ing  as m u c h  R-5 -P  
as  was  added  to  t he  expe r imen t a l  s ample  it  is possible  to de te rmine  t he  R-5 -P  p re sen t  in thes  ample .  
I t  m u s t  be noted ,  however ,  t h a t  t he  va lues  ob ta ined  for R-5 -P  b y  th i s  procedure  are  m a x i m a l  
va lues  as it  h a s  no t  been possible  to  es tab l i sh  w h e t h e r  t he  p roduc t  of t h e  alkali  t r e a t m e n t  of 
k e t o p e n t o s e - p h o s p h a t e  does show a cer ta in  smal l  absorp t ion  a t  67o m/z a t  which  wave l eng th  t he  
read ings  are carr ied out**.  

The  a m o u n t  of ke topen tose  p h o s p h a t e  in t he  i somer  m i x t u r e  was  finally de t e rmined  by  
N a I O  4 ox ida t ion  by  t he  m i c r o m e t h o d  of D i x o n  AND LIPKIN 1°. For  th is  purpose  t he  h e m o l y s a t e  
was  deprote in ized wi th  HC104, t he  m a i n  bu lk  of t he  l a t t e r  was  r emoved  f rom the  f i l t rate wi th  
K H C O  3 and  af te r  su i tab le  d i lu t ion of the  c o n s u m p t i o n  of N a I O  4 was measu red  in a d i lu ted  ace ta te  
buffer  of p H  5- The  a m o u n t  of ke topen tose  was  ca lcula ted  on the  a s s u m p t i o n  t h a t  on ly  ke topen tose  
p h o s p h a t e s  s u b s t i t u t e d  in pos i t ion  5 are present .  U n d e r  these  condi t ions  i mole of ke topen tose  
es te r  c o n s u m e s  2 moles  of N a I O  4, whereas  R -5 -P  consumes  3 moles.  The  read ings  were carr ied 
ou t  a t  26o m/*. 

I n  m o s t  e x p e r i m e n t s  t he  i somer iza t ion  of R-5 -P  was  de t e rmined  by  following, wi th  t he  phloro-  
glucinol  reactionS~ its decrease w h e n  added  to t he  hemolysa te .  To th i s  end  t he  difference of optical  
dens i t ies  a t  552 and  51o m~u of ex t r ac t s  of a h e m o l y s a t e  i ncuba t ed  wi th  5 -R-P  was  compa red  wi th  
a R - 5 - P  s t a n d a r d  con ta in ing  as m u c h  R-5-P as  the  to ta l  pen tose  p h o s p h a t e  p re sen t  in t he  i somer  
mix tu r e .  To ob ta in  t he  t rue  a ldopentose  con t en t  in t he  i somer  mix tu re ,  it  was  necessa ry  to m a k e  
two corrections.  One  was  for t he  a m o u n t  of r ibose - I -phospha te  which  reac ts  like pure  r ibose in 
t he  phloroglucinol  reac t ion  a n d  ha s  a n  ex t inc t ion  coefficient a b o u t  ha l f  as  grea t  as R-5-P.  This  
correct ion was  m a d e  on t he  a s s u m p t i o n  t h a t  5 % of t he  to ta l  a ldopentose  is p r e sen t  as r ibose-x- 
phospha t e .  The  o the r  correction,  for t he  phloroglucinol  reac t ion  of ke topentoses ,  was  ca lcula ted  

* W e  are grea t ly  indeb ted  to  Dr. B. L. HORECKER Of the  Na t iona l  I n s t i t u t e s  of H e a l t h  
Be thesda ,  Mary land ,  for a s ample  of B a  sa l t  of r ibulose-5-phosphate .  

" ' T h e s e  two  p repa ra t i ons  were ob ta ined  by  paper  c h r o m a t o g r a p h y  in isobutanol-picric 
acid 1~ of the  i somer  m i x t u r e  of l~-5-P. Two separa te  spo t s  con ta in ing  ke topen tose  phospha t e s  
were ob ta ined  which,  a f te r  ex t rac t ion ,  were sepa ra ted  f rom picric acid by  r e c h r o m a t o g r a p h y  in 
80 % ethanol-glac ia l  acetic acid a n d  f rom R -5 -P  by  Br  oxida t ion .  Xylulose  and  r ibulose con ten t  
in the  two  p repa ra t ions  were de t e rmined  b y  the  cys te ine-carbazole  reac t ion  af te r  dephosphory la -  
t ion  wi th  p ros t a t e  phospha ta se .  
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by  comparing the value for the  total  ketopentose (obtained from the decrease of the phloroglucinol 
reaction) with the value obtained from the phospha te  hydrolysis  in several experiments.  These 
determinat ions showed tha t  the difference of the extinction coefficients Es5~-E51 o of the keto- 
pentose mixture  is only about  3 % of t ha t  for R-5-P. Both corrections amounted  to no more than 
about  5 % of the value for D~52-D51 o of the isomer mixture.  

RESULTS 

I. Equilibrium between ribose-5-phosphate and its isomers and its dependence on the 
concentration o./enzyme and substrate 

The conversion of R-5-P to its isomers in the hemolysate is a very fast process, and is 
completed before any significant conversion of R-5-P to sedoheptulose phosphate 
and triose phosphate occurs. The rate, however, of the isomerization depends not 
only on the concentration of the enzyme, but also upon the initial concentration of 
the added R-5-P. When M/I25 of this ester is added to the hemolysate and the 
disappearance of aldopentose is followed by the phloroglucinol reaction, a very 
significant drop in the phloroglucinol reaction can be seen after only I minute and 
after 6-8 minutes a constant level corresponding to about 39% 4- 1.5% of the value 
for the initial content of R-5-P is reached. This decrease of aldopentose which can 
also be demonstrated by the orcinol reaction (Expt. vi i i ,  Table I) is accompanied by  
a corresponding increase in ketopentose as determined by the cysteine carbazole 
reaction. The maximum of the ketopentose formation is reached at the same time 
as the minimum of aldopentose formation, and the amount of ketopentose as compared 
with the standard Ru-5-P corresponds to 62.5 % + 2.5 %. The position of the equilib- 
rium did not shift significantly between 8 and 12 minutes of incubation (Expt. III, 
Table I). When the initial concentration of R-5-P is M/3oo the same equilibrium is 
reached after 3-4 minutes, and when it is M/6o the necessary incubation time is at 
least 15 minutes. This effect of the concentration of the substrate is probably due to 
the complexity of the isomerization process, which involves more than one enzymic 
reaction and leads to several reaction products, some of which inhibit the formation 
of other isomers. That  the main bulk of the isomers which are formed from R-5-P is 
represented by esters of substances which in the cysteine carbazole reaction react like 
ketopentoses is demonstrated by the results of determinations of the P hydrolysis 
curve of the isomer mixture. As can be seen from Table I, the total amount of isomers 
formed from R-5-P corresponds to 63.5 % ± 1.5 %, which is only slightly higher than 
the value for ketopentose phosphate obtained with the cysteine carbazole reaction. 

These values for the amount of isomers are in agreement with the determination 
of ketopentose phosphate by NalO~ oxidation. This oxidation of an equilibrium 
mixture of M/I25 pentose phosphate at 33 ° showed a 21.4% lower consumption of 
NalO4 than a R-5-P standard which contained as much R-5-P as was originally 
added to the hemolysate. If ketopentose phosphates substituted in position 5 consume 
only 2/3 as much NalO4 as an equivalent amount of R-5-P the decrease of 21.4% 
corresponds to the presence of 64.2% of ketopentose phosphate substituted in position 
5- At the moment when the equilibrium is reached no significant amounts of sedo- 
heptulose could be found with the cysteine H~SO 4 reactions for this sugar. That  the 

* This procedure was independently developed in our laboratory and in the laboratory of 
Dr. HORECKER by P. STUMPF. 

** Our  prepara t ion of Ru-5-P used as reference, still contained 19 % R-5-P. 
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TABLE I 

EQUILIBRIUM BETWEEN RIBOSE-5-PHOSPHATE (1~-5-P)  AND ITS ISOMERS AT VARIOUS CONCENTRATIONfi 
IN DIALYZED HEMOLYSATES 

In equilibrium 

Ketopentose phosphate in % o/total 
Expt. No. R-5-P added Temperature Time in R-5-P in % o] pentose phosphate pH 

I~moles/ml °C minutes total 
pentose phosphate By the eysteine By P hydrolysis 

carbazole reaction curve 

I 16.o 33 7 40.5 58.0 7 .1 
16.o 33 IO 37.0 62.0 7.1 
16.o 33 15 37 .o 64.6 7 .1 

II  16.o 33 20 36. 5 62.o 7.1 
8.o 33 8 36.2 65.0 7.1 
8.o 33 6 37.7 
8.o 33 8 37.6 65.0 6. 4 

I I I  8.0 33 8 36.0 7.2 
8.o 33 12 36.0 7.2 
3 .2 33 3 35.2 7.2 
3 .2 33 4 35 .0 7 .2 

IV 8.0 33 8 37-5 62.o 8. 4 

V 8.o 33 8 36. I 65.0 8. 4 

VI 8.0 o 12o 48.0 7.2 
3.2 o 90 50. 5 7.2 

VII  8.0 o 12o 48.8 72.9 7.2 
8.o 33 8 36.o 61.o 7.2 

V l I I a  8.0 33 8 36.6 7.1 
b* 8.0 33 3 ° 37.2 7.1 
c* 8.o 33 4 ° 36.1 7.t 

a 8.0 o 12o 46.5 7.1 
b* 8.0 o 8 h 47.6 7.1 
c* 8.o o IO h 47.4 7-1 

I X  8.o** 33 IO 39.0 8. 4 
8.o** 33 IO 4o.o 7.2 

* Hemolysate diluted fourfold. 
** Determinations by  orcinol reaction after alkali t rea tment .  

e q u i l i b r i u m  b e t w e e n  R - 5 - P  a n d  i t s  i s o m e r s  is n o t  a f f e c t e d  b y  t h e  l a rge  a m o u n t  of 

h e m o g l o b i n  i n  t h e  h e m o l y s a t e  is s h o w n  b y  t h e  f a c t  t h a t  t h e  p o s i t i o n  of t h e  e q u i l i b r i u m  

is n o t  a f f e c t e d  b y  d i l u t i o n  of t h e  h e m o l y s a t e .  T h e  d i l u t i o n  of  t h e  i s o m e r i z i n g  e n z y m e ,  

of course ,  p r o p o r t i o n a l l y  d e c r e a s e s  t h e  r a t e  of t h e  i s o m e r i z a t i o n  ( E x p t .  VII, T a b l e  I). 

T h e  p o s i t i o n  of  t h e  e q u i l i b r i u m  is n o t  s i g n i f i c a n t l y  s h i f t e d  b y  t h e  d i l u t i o n .  

2. E f f ec t  o] t empera ture  on  the e q u i l i b r i u m  between r ibose-5-phosphate  a n d  its i somers  

AXELI~OD AND JANG s f o u n d  t h a t  t h e  e q u i l i b r i u m  b e t w e e n  R u - 5 - P  a n d  R - 5 - P  o b t a i n e d  

w i t h  t h e  p u r i f i e d  a l f a l f a  i s o m e r a s e  is s t r o n g l y  d e p e n d e n t  u p o n  t h e  t e m p e r a t u r e .  

T h u s ,  a t  o ° C t h e y  f i nd  a r a t i o  R u - 5 - P  t o  R - 5 - P  of  o.14, w h i l e  a t  37 ° i t  s h i f t s  to  0.32. 
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They explain this strong dependence on temperature by the fact that  Ru-5-P cannot 
form a furanoid ring, and must be present in another form, probably as a straight 
chain sugar. The conversion of R-5-P to Ru-5-P can be assumed to be an endothermie 
process, and the equilibrium would, therefore, be shifted in the observed sense. As 
this consideration applies to other 5-carbon keto compounds substituted in position 5 
it seemed of particular interest to examine the effect of temperature on the equilibrium 
between R-5-P and its isomers in the hemolysate. As can be seen from experiments 
VI and VII  of Table I, the dependence of this equilibrium on temperature is much 
smaller than that  reported by  AXELROD AND JANG. At M/I2 5 the equilibrium at o ° 
was reached after 9 ° minutes and did not change in the following 9 ° minute period. 
The ratio R-5-P to its isomers, however, rose only from 39 to 50.5%. This indicates 
that  at least one of the isomers is formed by  a reaction which by  its thermodynamic 
conditions significantly differs from the simple isomerization to Ru-5-P. 

3. Tentative identification of the ribose-5-phosphate isomers 

(a) Separation o[ two groups o/esters. For the tentativei dentification of the isomers of 
R-5-P in the reaction mixture 20 ml of M/I5  solution of R-5-P was added to 60 ml 
of a hemolysate which had been dialyzed against distilled water; the mixture was 
incubated for 15 minutes at 33 ° and deproteinized by  heating for 3 minutes in a 
boiling waterbath.  The supernatant  was then concentrated in vacuo to a very small 
volume. The mixture of isomers was then separated into two main groups by  chromato- 
graphy on paper, using as solvent a mixture of 80% ethanol and acetic acid according 
to COHEN AND SCOTT 11. Four distinct spots were obtained with the orcinol spray 
(Fig. I). The uppermost,  very narrow blue spot corresponded to sedoheptulose- 7- 
phosphate which was formed in this experiment in very small quantities. The second 
spot beneath the first (S II) was grey in appearance; it represented the main bulk 
of the esters and proved to be a mixture of ketopentosephosphates and R-5-P. A 
third, much smaller, lower spot showed an intensive pink color with a bright orange 
fluorescence in ultra-violet light. I t  became intensely yellow after a few days and 
corresponded to still unidentified phosphate esters, which will be referred to as pentose 
phosphate analogues (PAP) (Fig. I). The fourth lowest spot on the chromatogram 
was grey-purple and contained small amounts of free ribose, xylulose and ribulose. 

(b) Xylulose and ribulose in the ketopentose phosphate /raction o/the hemolysate. 
For the identification of the ketopentose phosphate fraction a concentrate cor- 
responding to about 20 ml of the original hemolysate incubated for 15 minutes with 
R-5-P was chromatographed in 80% ethanol acetic acid. The S I I  spot containing 
the main bulk of the ketopentose phosphates and R-5-P was extracted from the paper 
with a small volume of water;  this solution was dephosphorylated with prostate 
phosphatase* in acetate buffer of pH 5 and then deproteinized with HC104. The 
supernatant  was neutralized with potassium bicarbonate, which precipitated most of 
the perchloric acid as the K salt. The filtrate was then deionized with Amberlite 
IR-4B (OH) and Amberlite IR-I2O (H) exchange resins, and concentrated again 
in vacuo and in a desiccator over P~O 5 until it contained at least 2 mg of ketopentose 
per ml. Paper chromatography was then carried out with 3 different solvents, 
namely (I) 80% phenol containing 8-hydroxyqulnoline 1~, (II) butanol, pyridine and 
water (lO:3:3) 13 and (III)  butanol, ethanol and water (IO: 1:2) 14. The orcinol TCA 

* We are greatly indebted to Dr. E. CHARGAFF for the preparation of prostate phosphatase. 
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reagent  was used for spraying. S tandards  of xylulose and  ribulose, prepared from the 
p-bromophenylhydrazone  and  o-ni t rophenylhydrazone* respectively according to 

Fig. I. Chromatogram of the mixture of phosphate 
esters in the hemolysate incubated with R-5-P 16 
/~moles/ml for I5' at 33% I. Blue sedoheptulosemono- 
phosphate. II. Gray R-5-P and ketopentose-5-phos- 
phates. III. Ester reducing 12 at pH 5 at 22 ° (PAP). 
IV. Free ketopentose. Solvent 8o % ethanol + glacial 

acetic acid. Orcinol TCA spray. 

Fig. 2. Chromatogram of the dephosphorylated spot 
II of Fig. I with phenol-8-hydroquinolin as solvent. 
R = ribulose standard. X ~ xylulose standard. S = 
Concentrate of dephosphorylated spot II. Orcinol 

TCA spray. 

× 

pC) 
Fig. i. Fig. 2. 

the procedure of SCHMIDT AND TREIBER 1~ were run  s imul taneously  with the con- 
centrate .  Wi th  all three solvents two different spots were obtained,  one of which 
when sprayed with TCA orcinol reagent  showed a brown, the other a purple color. 
As can be seen from Table  II,  the RF values of the two spots were, with each solvent,  
ident ical  with those of xylulose and  ribulose respectively. The purple spot cor- 
responding to ribulose showed the characteristic orange fluorescence in ul tra-violet  
light. The spots corresponding to the two keto sugars obta ined  from the concentrate  
of the hemolysate  were separately extracted from the paper  with water. When  tested 
with the cysteine carbazole react ion the spots showed the same rates of color develop- 
m e n t  as the corresponding controls. 

TABLE II 

S E P A R A T I O N  ON  P A P E R  OF X Y L U L O S E  A N D  R I B U L O S E  

O B T A I N E D  FROM D E P H O S P H O R Y L A T E D  I S O M E R  M I X T U R E S  FROM B L O O D  H E M O L Y S A T ~ S  

Solvents 
80 % Phenol BuOH-pyridine-H,O BuOH-EtOH-H,O 

(~o:3:3) (xo:x:2) 

I. Brown spot 0.60 0.42 0.35 
2. Purple spot o.65 o.37 o.3o 
3- Ribulose standard o.65 0.37 o.3 o 
4. Xylulose standard 0.60 0.42 o.35 

(c) The presence o[ xylulose and ribulose as 5-phospl*ate esters, The presence in 
large amount s  of another  ketopentose phosphate ester in addi t ion to Ru-5-P  in the 

* We are greatly indebted to Dr. O. TOUSTER, Vanderbilt University, for the preparation of 
the p-bromophenylhydrazone of D-xylulose, and to Dr. S. S. COHEN, Univemity of Pennsylvania, 
for the preparation of the o-nitrophenylhydrazone of ribulose. 

References p. 99. 
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isomerization mixture suggested the possibility that  a shift of phosphate may take 
place during the isomerization process. This possibility was tested by  determining 
the ratio D54 o to D710 in the carbazole reaction 16 of a TCA extract of a hemolysate 
containing the mixture of isomers and comparing it with the corresponding ratios 
from R-5-P and Ru-5-P. This determination was carried out on an extract from the 
experiment I of Table I. The ratio for R-5-P in the carbazole reaction in this determina- 
tion was found to be 0.52 and for pure Ru-5-P 1.47. The same ratio for the mixture 
of the isomers was found to be 1.33 for the total  ketopentose phosphate after sub- 
tracting the optical density due to R-5-P in the isomer mixture. When the optical 
density due to Ru-5-P, the concentration of which was calculated from the values 
obtained by  AXELROD A N D  JANG s on their alfalfa isomerase, was subtracted from the 
total, the ratio for the remaining ketopentose phosphate was 1.28, i.e. about 15 ..... ,o 
lower than the value for Ru-5-P. In this form of the carbazole reaction the ratio for 
free pentoses does not differ significantly from that  for esters substituted in position I 
and 3 and is about 15 to 20 times higher than for the corresponding 5-phosphate 
esters. Ketopentose esters substi tuted in position 4 could barely be expected to 
behave differently from esters substituted in position 3 as the phosphate in beta 
position to the carbonyl group could be very easily split off by  the acid. I t  is reasonable, 
therefore, to assume that  any ester of ketopentose not substituted in position 5 would 
yield about the same ratio D540 to Dn0 as the corresponding free ketopentose. The 
value of 1.33, therefore, for the ketopentose phosphate fraction of the isomer mixture 
indicates that  the main bulk of the ketopentose in this mixture must be present as 
5-phosphate ester. If  only 2o% of it were present as another ester the ratio D54o/D71 o 
of the ketopentose-5-phosphate present in addition to Ru-5-P would have to be lower 
than that  of R-5-P itself, and this appears highly improbable in view of the fact that  
Ru-5-P shows a ratio three times as high as R-5-P. 

The presence in the isomer mixture of the ketopentoses as 5-phosphate esters 
is finally borne out by  the results of the oxidation of the isomer mixture with periodate. 
The mixture of isomers formed from R-5-P showed that  the keto isomers used up 
2 moles NalO 4 per I mole sugar ester, This excludes the possibility that  significant 
amounts of the ketopentose esters substituted in position 4 are present in addition 
to 5-phosphate esters. The possibility that  an equimolar mixture of I and 4-phosphates 
is present which on the average also would up 2 moles NalO 4 per mole sugar appears 
excluded by  the result of the determination of the D54o/D71 o ratio in the carbazole 
reaction. The presence of significant amounts of ketopentose-3-phosphate also appears 
incompatible with this ratio for the isomer mixture as substitution of ribose in position 
3 was shown not to influence the D~4o/D~lo ratio. 

(d) The phosphate esters o/pentose analogues (PAP). The isomers present in the 
third spot on the chromatogram in Fig. i, which gave a bright red color with the 
TCA orcinol spray, gave after extraction from the paper an intense brownish green 
color with Bial's orcinol reaction, according to DISCHE AND SCHWARTZ 9b. This color 
showed one maximum at 670 m/, like that  produced by pentoses and another at 
5o0 m~. The different extracts of the PAP did not, however, have an identical 
composition. This is demonstrated by  the reactivity in the phloroglucinol reaction. 
While the extract  of Experiment I in Table I I I  showed a very low phloroglucinol 
reaction, the intensity of this reaction was about twice as high in Experiment n 
and 4 ½ times as high in Experiment I I I .  In all 3 experiments the extracts reduced 
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TABLE n I  

FORMATION OF PENTOSE-5-PHOSPHATE FROM PAP DURING ITS INCUBATION 

WITH THE HEMOLYSATE AT 33 ° 

O.8 ml hemolysate  + o.2 ml of PAP solution + o.2 ml of H20 or adenosine 
all values in #rnoles/ml. 

Expt. No. 

A ldopentose phosphate Total PP as by Total PP 
as R-5-P by phloro- Total PP /ormed orcinol reaction /ormed 

Substance Time o/ glucinol reaction calculated from calculated 
added incubation phlorog!ucinol /tom 

Be/ore Alter reaction Be/ore Alter oreinol 
ra in  incubation incubation incubation incubation reaction 

662 (a) PAP M / I 5  o 
phospha te  3 o.o18 o.14o o.31o 0.052 o.326 o.274 

(b) PAP -,- 
I. M / I s o  phos-  
phate  + 1.2 
/zmoles/ml 
adenosine o.59o 
2. M/I5O phos- 
phate  + 
1.2/~moles/mi 
adenosine o.53o 

698 PAP 2 0,o83 o. ioo 0.o42 o.475 o.59o O.ll 5 
714 PAP 2 o.173 O.ll 3 0.520 0.780 o.26o 

ferricyanide in I/I0 N NaHC03 at room temperature. Iodine was reduced at room 
temperature in an acetate buffer of pH 5, and the oxidation was complete after about 
I hour. As both ketopentose esters were found on the chromatogram in spot S II ,  
which had a much lower RF, the strongly reducing esters in spot S n I  could not be 
identical with either of the ketopentoses-5-phosphates. Free ribulose and xylulose 
were shown (Fig. I) to have a higher RF than spot S I I I .  That  this fraction was not 
due to a decomposition of the ketopentose phosphate during chromatography was 
demonstrated by  repeating this procedure on the concentrated extract from spot 
S n containing the two ketopentose phosphates. When this concentrated mixture 
was rechromatographed with 80% ethanol acetic acid no spot corresponding to 
PAP appeared. That  in hemolysates these esters were in equilibrium with R-5-P 
and ketopentose phosphate was demonstrated in the following way. 

4. Conversion o/ PAP to R-5-P and ketopentose phosphate 

The spot, S I I I ,  of the chromatogram was extracted and concentrated to a small 
volume required by  the sensitivity of the analytical methods and this concentrate 
was added to a hemolysate and incubated for 2-4 minutes at 33 °. After deproteiniza- 
tion with HCI04 the phloroglucinol and orcinol reactions were simultaneously carried 
out on the supernatant  and on the original concentrate diluted with HCIO 4 to the 
same final volume as in the experimental sample. The results of three such experiments, 
listed in Table nI,  show that  this short incubation led to a considerable increase 
in the orcinol reaction. In two of the experiments, particularly Experiment I,  there 
was also a considerable increase in the phlorogiucinol reaction. I t  will be noted that  
in this experiment the initial phloroglucinol reaction of the concentrate was very 
low, whereas in other experiments in which the increase in the phloroglucinol reaction 
was not so marked or could not be observed at all, the initial intensity of the reaction 
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of the phloroglucinol reaction was much higher. If we calculate from the increase 
in phloroglucinol reaction in Experiment I, the amount of R-5-P and from the increase 
in the orcinol reaction the total  pentose phosphate formed in the hemolysate, we 
find tha t  the ratio of the two values corresponds to that  in the equilibrium mixtures 
of isomers in the hemolysate. 

These results indicate the presence in the isomer mixture of an ester, probably 
a 5-carbon compound, which is not identical with pentose-5-phosphate, but which is 
converted into the equilibrium mixture of R-5-P and its isomers. The fact that  the 
phloroglucinol reaction did not always increase in these conversion experiments 
can be interpreted as the result of a partial  conversion to ribose phosphate during 
the prolonged concentration and extraction procedures. The conversion of R-5-P to 
ketopentose phosphate, which takes place simultaneously with the conversion of 
the analogue ester, would result in an increase in the orcinol reaction without a 
corresponding increase in the phloroglucinol reaction. This interpretation appears 
to be supported by  an experiment carried out with an extract used in Experiment I 
in Table I I I  in which, in addition to PAP, adenosine and inorganic phosphate were 
added to the hemolysate. Under these conditions adenosine continuously produced 
R- I -P  and R-5-P. As can be seen from Table I I I  in this case the decrease in the phloro- 
glucinol reaction, after subtraction of the optical density due to adenosine and the 
R-5-P formed from it, was much less than in the experimental sample which contained 
no adenosine. 

5. The ratio between ribulose-5-Phosphate and xylulose-5-phosphate in the equilibrium 
mixture 

The amounts of xylulose and ribulose which could be isolated on paper from the 
hemolysate do not necessarily indicate the true ratio of these two ketopentoses in 
the equilibrium mixture under our experimental conditions, as for the purpose of 
paper  chromatography the deproteinization had to be carried out by  heating at IOO ° 
and the ratio of the two ketopentoses should be altered by  temperature. The ratio 
at 33 ° between Ru-5-P and xylulose-5-phosphate (Xu-5-P) or the ester in the equili- 
brium mixture, which produces xylulose after dephosphorylation and behaves like 
Xu-5-P in the cysteine carbazole and cysteine H2SO 4 reactions, can be determined 
in the following way. AXELROD AND JANG 8 have shown for the purified alfalfa R-5-P 
isomerase that  at 37°C 32% of Ru-5-P is in thermodynamic equilibrium with 
68 % of R-5-P. The ratio between the first and the seond ester, therefore, under these 
conditions is o.47. We found tha t  the change from 33 ° to 37 ° in our experiments 
decreases the aldopentose fraction by  only 1% of the total  pentose. At 37 °, therefore, 
in our equilibrium mixture we have 35% of R-5-P instead of 36% at 33 °, and the 
amount of Ru-5-P in the equilibrium mixture would be, on the basis of the data of 
AXELROD AND JAI~G, 16.5% of the total  pentose phosphate. This leaves 48.5% for 
all the other isomers except R-5-P and Ru-5-P. If  we assume that  3-ketopentose and 
PAP represent about 3%*, the amount of Xu-5-P or the ester producing it during 
dephosphorylation would be 45.5%, corresponding to a ratio of Xu-5-P to Ru-5-P 

* The determination of 3-ketopentose was carried out by the characteristic color reaction of 
this substance discovered by Dr. GILBERT ASHWELL. We are greatly indebted to him for giving 
us the procedure used in this still unpublished reaction. The amount of PAP was calculated from 
the amount of pentose-5-phosphates formed after its incubation in the hemolysate. 
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of 2.95. The use of the data of AXELROD AND JANG for this calculation appears justified 
by the fact that  the ratio Ru-5-P to R-5-P in alfalfa isomerase is about the same as 
that found by HORECKER and his associates for isomerase preparation from yeast 
and liver and by the fact that  in our experiments a 4-fold dilution of the hemolysate 
did not significantly affect the equilibrium, which excludes the possibility that a 
shift in the equilibrium might be brought about in the hemolysate by an interaction 
between ketopentose phosphate and hemolysate proteins*. 

DISCUSSION 

The isomerization of R-5-P in the hemolysate appears as a complex system of reactions 
catalyzed by at least two different types of enzymes, of which one appears to be 
identical with or closely related to the R-5-P isomerase prepared from alfalfa by 
AXELROD AND JANG, and from yeast and liver by HORECKER and associates. With 
these preparations R-5-P was reversibly converted to Ru-5-P and thermodynamic 
equilibrium was established in which at room temperature the ratio between Ru-5-P 
and R-5-P was about 0.20 to 0.25 and at 37 ° 0.32. In our hemolysates, on the other 
hand, the ratio between R-5-P and the isomers appears completely reversed as only 
about 36% of the total pentose esters appears in the form of the aldo ester at 33 °. 
This equilibrium is also reversible and the equilibrium mixture consists, in addition 
to R-5-P and Ru-5-P, and small amounts of at least two other phosphate esters of 
5-carbon compounds, of a 5-carbon phosphate ester which either is identical with 
Xu-5-P or behaves like the latter in the cysteine carbazole reaction and yields 
xylulose after dephosphorylation with phosphatases. As the equilibrium between 
Ru-5-P and R-5-P itself in the purified preparation of isomerase from alfalfa and 
liver appears to be a thermodynamic one, the formation of Xu-5-P and the other 
isomers must be catalyzed by one or more enzymes different from the isomerase 
which catalyzes the interconversion of R-5-P and Ru-5-P. 

It  seems most probable that the formation of Xu-5-P or another ester yielding 
xylulose after dephosphorylation is due to the intermediate formation of a 2, 3-enediol 
which in turn can be converted to either Xu-5-P or Ru-5-P or into a 3-ketopentose 
phosphate as suggested by ASHWELL AND HICKMAN 7. 

The I~ reducing phosphate ester PAP which on incubation with the hemolysate 
is converted to a mixture of R-5-P and its isomers could be identical with this 2, 3- 
enediol. It cannot be identical either with ketopentose-5-phosphate which has a 
different R F with the ethanol acetic acid solvent or with another ketopentose phos- 
phate ester as these would not reduce I~ at pH 5. 

RACKER TM and his associates have shown that the isomerization of R-5-P is a 
necessary step in its breakdown to sedoheptulose phosphate and triose phosphate. 
While this paper was being prepared, a report appeared by HORECKER et al. TM accord- 
ing to which a conversion of Ru-5-P to Xu-5-P by an epimerase is necessary for the 
breakdown of R-5-P and Ru-5-P to sedoheptulose-7-phosphate and triose phosphate 
by liver transketolase. The authors, therefore, considered Xu-5-P as a donor of the 
2-carbon residue for R-5-P. This consideration is based on the assumption that 

* The determination of the ratio of Xu-5-P to Ru-5-P based on the rate of the color develop- 
ment in the cysteine-carbazole reaction yielded in the same experiment a value of 2.65, which does 
not differ significantly from the value obtained on the basis of the equilibrium constants. 
References p. 99. 
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Xu-5-P is the only isomer formed from R-5-P and Ru-5-P, and that  the transfer of 
the 2-carbon residue to R-5-P is preceded by the formation of an active glycolic 
aldehyde. The authors do not take into consideration the possibility, that a phosphate 
ester of a 2,3-enediol rather than Xu-5-P might be the substrate of the transketolase. 

Our data concerning the ratio between Ru-5-P, R-5-P, and the other isomers 
in the equilibrium mixture in the hemolysate appear difficult to reconcile with the 
assumption that  Xu-5-P itself represents the main bulk of the isomers formed in 
addition to Ru-5-P. According to AXELROD AND JANG the low ratio of Ru-5-P to 
R-5-P and its strong dependence on temperature are due to the existence of the 
ketopentose-5-phosphate in form of a straight chain component, the formation of 
which is thermodynamically not favored. The same consideration obviously applies 
also to the formation of Xu-5-P if we are not to assume that  the latter ester differs 
considerably from Ru-5-P in its heat of solution. This latter possibility appears 
incompatible with findings of STUMPF AND HORECKER 20 on the equilibrium between 
Xu-5-P and Ru-5-P in presence of an epimerase from Lactobacillus pentosus. These 
authors found that  these ketopentose-5-phosphate esters are in equilibrium with 
each other at 25 ° in a ratio of about unity. In the equilibrium mixture in the hemo- 
lysate, however, the total amount of the isomers formed in addition to Ru-5-P and 
which react like Xu-5-P is about three times as high as the amount of Ru-5-P cal- 
culated from the ratio between Ru-5-P and R-5-P in equilibrium in presence of the 
isomerase from alfalfa, yeast and liver. The ratio between Xu-5-P and Ru-5-P at 33 ° 
cannot be assumed to shift with the increase of the temperature from 25°C tot 
33 ° C sufficiently to explain this discrepancy. HORECKER et al., furthermore, found 
the same high ratio between the esters which yield xylulose after dephosphorylation 
and Ru-5-P in a system containing the epimerase from Lactobacillus pentosus and a 
R-5-P isomerase from spinach. To reconcile these findings with the ratio between 
Xu-5-P and Ru-5-P in presence of the epimerase from Lactobacillus alone it seems 
necessary to assume that  in the hemolysate at least one part of the phosphate esters 
which behave like Xu-5-P and yield xylulose after dephosphorylation are 5-carbon 
keto-compounds which after dephosphorylation are immediately transformed into 
xylulose and in the presence of concentrated H2SO 4 react like Xu-5-P in the color 
reactions with cysteine and carbazole and carbazole alone. 

One possibility particularly which could explain the discrepancies in the nature 
of the equilibrium as obtained with bacterial epimerase and with the isomerizing 
enzymes of the blood respectively, is the presence of ketopentose-5-phosphates, not 
only in their keto form, but  also as hydrates stabilized by the phosphate groups in 
position 5. These hydrates obviously after dephosphorylation would yield the 
corresponding ketopentoses and would react in color reactions like ketopentose 
phosphate themselves. We would, therefore, have to assume that  the complete 
isomerizing enzyme system in the living cells, in addition to the Ru-5-P producing 
isomerase and the epimerase contains still one or several enzymes which catalyze 
the formation of the hydrates. This situation would also explain why in paper 
chromatography of the isomer mixture with isobutanol-picric acid as solvent 17 we 
find both ketopentoses although in varying proportions in two sometimes completely 
separated spots. Such stable hydrates of ketopentose phosphates probably would 
significantly differ in their R / s  from the keto forms. The breakdown of R-5-P to 
sedoheptulose phosphate and triose phosphate consists in a transfer of the two first 
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carbons of I molecule of pentose phosphate to another molecule of pentose phosphate. 
Whatever the mechanism of this reaction may be, it will at a certain stage involve a 
condensation of an aldehydic of ketonic group with another carbon atom. A reaction 
of this kind could be preceded by the hydration of aldehydic or ketonic groups. 
A high concentration, therefore, of the hydrated aldo- and ketopentose-5-phosphates 
in such a case could serve to increase the rate of such transketolizing and trans- 
aldolizing reactions. 

S U M M A R Y  

I. R ibose -5 -phospha te  added  to t he  h e m o l y s a t e  undergoes  a rapid  i somer iza t ion  to a m i x t u r e  
of isomers .  

2. The  m i x t u r e  of i somers  consis ts  p r e d o m i n e n t l y  of  r ibulose-  and  xy lu lose -5-phospha te ,  
a n d  p r o b a b l y  of closely re la ted  c o m p o u n d s  which  af te r  dephosphory la t ion  yield r ibulose and  
xylulose .  

3 - T h e  rat io  be tween  t he  two  ke topen tose  p h o s p h a t e s  was  found  to  be m u c h  h igher  t h a n  
t h a t  ca lcu la ted  f rom t h e  equi l ib r ium c o n s t a n t s  of  t he  r ibose-5-phospha te  i somerase  f rom o ther  
t i s sues  a n d  ep imerase  f rom laaobacillus pentosus. These  resu l t s  sugges t  t h a t  xy lu lo se -5 -phospha t e  
is e i ther  p r e s e n t  in two different  fo rms  in t he  equi l ib r ium mix tu re ,  n a m e l y  as t he  es ter  of t he  
ke to  s u g a r  and  t h a t  of  i t s  h y d r a t e  or  t h a t  a n o t h e r  5-carbon es ter  closely re la ted  to  xylu lose-  5- 
p h o s p h a t e  is p re sen t  in add i t ion  to  th i s  l a t t e r  ester .  

4. I n  add i t ion  to  t he  two ke topen tose  esters ,  t he  presence  was  d e m o n s t r a t e d  b y  pape r  
c h r o m a t o g r a p h y  of smal l  a m o u n t s  of a n o t h e r  ester  wh ich  reduces  iodine a t  p H  5 a t  r oom t e m -  
pe ra tu re ,  and  when  added  to  t he  h e m o l y s a t e s  is r ap id ly  conver t ed  to a n  equi l ib r ium m i x t u r e  of 
pen tose  p h o s p h a t e  es ters  which ,  on t h e  bas is  of i ts  ex t inc t ion  coefficients in Bla l ' s  orcinol and  
phloroglucinol  react ions,  is a s s u m e d  to  be a m i x t u r e  of r ibose -5 -phospha te  and  i ts  i somers .  
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