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A COLOR R E A C T I O N  OF P E N T O S E  P H O S P H A T E  E S T E R S  

S U B S T I T U T E D  IN POSITIO N  5* 

Z A C H A R I A S  D I S C H E  AnD E D I T H  L A N D S B E R G  

Department o/Biochemistry, College o I Physicians and Surgeons, 
Columbia University, New York (U.S.A.) 

The differentiation between pentose phosphate esters substituted in position 5 and 
other phosphate esters of pentoses, as well as free pentoses, by color reactions, was 
based so far on the difference in the rate which the color in Bial's orcinol reaction is 
developed by these different compounds. This procedure is not usable in the case of 
ketopentose phosphates as the difference in the rate of the color development in this 
case is too small for adcurate determinations. 

The present paper deals with a modification of the carbazole reaction of carbo- 
hydrates in which pentose substituted by phosphate in position 5 gives a completely 
different absorption spectrum from other pentose phosphate esters, as well as free 
pentoses and other saccharides. This reaction can be used to detect small amounts of 
free pentose esters or pentose esters not substituted in position 5 in presence of much 
larger amounts of esters or nucleotides of pentose substituted in position 5. 

EXPERIMENTAL 

I. Procedure 
To I m l  of a solut ion con ta in ing  o.I to I /~mole]ml of r ibose-5-phospha te  (R-5-P) or  a re la ted 
nucleot ide  s u b s t i t u t e d  in pos i t ion  5, or o.o2-o.2 ;umole[ml of ke to -pen tose -5 -phospha te  are  added  
wi th  shak ing  5 ml  of 75 vo l ume  % su lphur ic  acid a n d  i m l  of  a f reshly p repa red  so lu t ion  of carbazole  
in abso lu te  e thanol .  The  reac t ion  m i x t u r e  is r epea ted ly  shaken ,  i m m e r s e d  in a v igorous ly  boil ing 
wa t e rba th ,  and  then ,  af ter  exac t ly  2 minu tes ,  cooled in t a p  water .  The  wa te r  in t h e  b a t h  m u s t  be 
boil ing so v igorous ly  t h a t  t he  boi l ing does no t  s top  af te r  i mmer s ion  of t h e  t e s t  tubes .  Solut ions  
of adenos ine -5 -phospha te  (Ad-5-P) e i ther  free or in combined  fo rm in coenzymes ,  or  adenosine-  
p o l y p h o s p h a t e s  p roduce  a greenish  blue color, while all o the r  pen toses  and  the i r  es ters  p roduce  a 
purp le  color. 

2. Absorption spectra 
The  reac t ion  p roduc t  f rom Ad-5-1 ~ and  i ts  der iva t ives  h a s  a charac te r i s t ic  absorp t ion  curve  wi th  
2 m a x i m a ,  one a t  71o and  t he  other ,  less p ronounced ,  a t  6oo m/~ (Fig. i). Be tween  t h e  two m a x i m a  
is a m i n i m u m  a t  630 m/~. The  abso rp t ion  curve  of t he  purp le  color f rom free pen tose  a n d  adenosine-  
3 -phospha t e  (Ad-3-P), on t he  o the r  hand ,  shows  one single absorp t ion  m a x i m u m  a t  54 ° m# .  The  
opt ical  dens i t y  a t  71o m/ ,  r ema ins  fair ly cons tan t ,  b u t  t h e  absorp t ion  a t  t h e  lower wave leng ths  
increases  in i n t ens i t y  for  hours .  To ob ta in  as g rea t  a difference as possible  be tween  t he  absorp t ion  
s p e c t r u m  of t he  two  classes of  nucleot ides ,  it  is necessary  to ca r ry  ou t  the  spec t ropho tomet r i c  
m e a s u r e m e n t s  no t  la ter  t h a n  5 to  io  m i n u t e s  af ter  t he  end  of t he  hea t i ng  period and  in as shor t  
a t i m e  as possible.  Adenos ine -po lyphospha t e s  (AT]? a n d  ADP)  as well as d inucleot ides  (coenzyme I 
a n d  coenzyme  II) show a s l ight ly  different  behav io r  f rom Ad-5 -P  itself in so far  as t he  rat io  
D~o/D~x o in these  c o m p o u n d s  is s o m e w h a t  h ighe r  t h a n  t h a t  for Ad-5 -P  itself. As will be dem-  
o n s t r a t e d  in a s u b s e q u e n t  paper ,  th i s  is due  to t he  fac t  t h a t  t he  p h o s p h a t e  on ca rbon  5 in these  

* Th i s  i nves t iga t ion  was  s u p p o r t e d  b y  a g r a n t  f rom t he  Rockefel ler  F o u n d a t i o n .  
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c o m p o u n d s  is m u c h  more  rap id ly  spl i t  off by  the  acid t h a n  f rom Ad-5-P.  W i t h  these  compounds .  
therefore,  a g rea te r  a m o u n t  of  r ibose itself or  of adenos ine  will be p re sen t  in the  react ion mix tu r e  
and  p roduce  a h igher  D5a 0. The  s ame  is t rue  of the  two ke topen tose  phospha tes .  D54o/DTlo for 
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Fig. I. Absorp t ion  spec t r a  in t he  carbazole  
reac t ion  of va r ious  pen toses  and  the i r  
esters .  A = r ibulose o . i  pmole /ml .  B - -  
xy lu lose  o.08 / ,mole /ml .  C = r ibose o.25 
pmole /ml .  D ---- r ibulose 5ophosphate  o.12 
pmole /ml .  E = adenosine-3-phosphatm.  
F ---- adenos ine-5-phospha te .  

s25 ~so 57s ~ 0  e2s s ~  675 ;,co ;,'as ;,5o 
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r ibu lose -5-phospha te  was  found  to  be 1.47 a n d  for xy lu lose -phospha te  1:28 (Table I). I n  t he  l a t t e r  
case t he  d e t e r m i n a t i o n  was  carr ied ou t  indi rec t ly  on  a m i x t u r e  of  t he  two ke topentose-5-phos-  
p h a t e s  ob ta ined  f rom a pu re  n a t u r a l  m i x t u r e  of  r ibose-5-phospha te  i somers  f rom a h u m a n  
hemolysa t e .  T h e  lower va lue  of th i s  ra t io  for xy lu lose -5 -phospha t e  agrees  w i th  t h e  lower hydro lys i s  
c o n s t a n t  of  th i s  es te r  as  compa red  to  t h a t  of r ibu lose-5-phosphate .  The  va lues  for  ke topen tose -  
5 -phospha te ,  however ,  are  still fax below t he  va lues  for Ad-3 -P  or t h e  th ree  ke topen toses .  The  
ra t ios  D~40/DTt o for  xy lu lose  a n d  r ibulose  and  x y l u l o s e - i - p h o s p h a t e  exceed those  for ke topen tose -  
5 -phospha t e  a b o u t  as m u c h  as  va lues  for free a ldopen tose  t hose  of the i r  5 -phospha t e  esters .  

T A B L E  I 

OPTICAL DENSITIES AT 7IO AND 54 ° m/x AND THEIR RATIOS IN THE CARBAZOLE REACTION 
OF VARIOUS PENTOSES AND THEIR ESTERS. READINGS 10--30 MINUTES AFTER HEATING 

Expt. No. Substance Concentration I~moles/ml DTI 0 × zooo O~o X 2000 D~,o,'Tlo 

I 

I I  

I I I  

IV (a) 
(b) 
(c) 

Adenosine-5-phosphate 0.5 345 176 o. 5 I 
Adenos ine -3 -phospha t e  o.5 49 415 8.5 
Ribose  i .o 116 94 ° 8. 4 
R ibose -5 -phospha t e  o.4 265 129 0.48 
R ibu lose -5 -phospha t e  0.33 346 548 i .3 ° 
Adenos ine -3 -phospha t  e o. 8 
R ibu lose -5 -phospha t e  o. 14 9o 129 i .43 
Ribulose  o. 13 17 451 26.5 
Xylu lose  o. 12 2 o 511 25- 5 
X y l u l o s e - I - p h o s p h a t e  o . I3  3o 57o i9.0 
Adenos ine -5 -phospha t e  o. 5 320 17o o. 53 
Adenos ine -5 -phospha t e  o.25 163 86 o.54 
Adenos ine -3 -phospha t e  o. 5 42 425 i o. i 
Adenos ine-5  -phospha t e  (a) 
+ adenos ine -B-phospha te  (c) 356 560 1.58 

3. Specificity 

The reaction with carbazole is a general reaction of carbohydrates. Glycolic aldehyde, 
triose and hexoses also give strong colors with absorption maxima at 620, 600 and 
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560 m/, respectively. The different classes of sugars, therefore, can be distinguished 
by the form of the absorption curve of their colored products. 

4. Detection o[ pentose substituted in position 5 by the carbazole reaction 

With R-5-P, Ad-5-P, R-3-P, as well as ribulose-5-phosphate, D~I o is proportional 
to concentration. Mixtures of R-5-P and ribulose-5-phosphate, as well as mixtures 
of Ad-5-P and Ad-3-P, showed additive behavior. 

The great differences in the value of D~o/D71 o between pentose substituted in 
position 5 and that of derivatives of ribose substituted in other positions, as well as 
free ribose and ketopentose, make it possible to detect 3-esters in presence of an 
excess of 5-esters. Because of the rapid changes at room temperature in the value 
of this ratio for various esters, it is always necessary to make the readings of the 
experimental sample simultaneously with those of standard samples of esters assumed 
to be present in the experimental mixtures. It is possible under these conditions to 
detect about lO% of ribose not substituted in position 5 in presence of 9o% of R-5-P 
or Ad-5-P. The lack of specificity of the reaction, however, imposes severe limitations 
on this use of the reaction. In general it can be applied only to solutions in which 
no significant amounts of sugars other than pentoses are present. Because of small 
differences in the value of Ds,o/D71 o between adenosine-5-phosphate and its poly- 
phosphate and dinucleotides, moreover, the presence of these compounds in larger 
amounts must be taken into account. At present the reaction seems to be of advantage 
only for the study of isomerization processes in which an interconversion of various 
types of pentose phosphate esters takes place. 

5. Influence o] SH groups on the carbazole reaction o I nudeotides 

SH compounds like cysteine and glutathione interfere with the carbazole test insofar 
as the difference in the absorption curve between ribose-5-phosphate and ribose-3- 
phosphate becomes less pronounced. The optical density at the same time increases 
considerably. These compotmds can be eliminated by incubation in 0.5 N Na,CO 8 
for one hour at room temperature under shaking. This treatment, however, cannot 
be applied in presence of ketopentoses, and for nacleotides and aldopentoses, the  
standard solutions must be treated like the experimental samples. 

SUMMARY 

I. A color reac t ion  is descr ibed wh ich  dif ferent ia tes  be tween  pen tose -5 -phospha t e s  and  
free pen to se  a n d  o the r  pen tose  esters.  

2. T h e  appl ica t ion  of th i s  reac t ion  for t he  de tec t ion  of pen tose -5 -phospha te s  in presence  of 
o the r  pen to se  es ters  is discussed.  
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