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The occurrence of heptose- and hexose-phosphate esters as intermediates in the break- 
down of ribose-5-phosphate in living cells may create considerable difficulty in the 
determination of pentose in extracts of living tissues. In the widely used Bial's 
orcinol reaction, the colored product from aldoheptoses 1 shows an absorption curve 
similar in its shape to that from pentose. Furthermore, heptoses, as well as large 
amounts of hexoses, influence to a considerable extent the absorption curve of 
pentoses, and this makes the quantitative determination of the latter sometimes 
rather difficult. 

The phloroglucinol reaction of Tollens does not appear useful for quantitative 
determinations in its original from, because of the strong interference by other 
sugars and the instability of the color. The modification of this reaction by YON 
EULER AND HAHN 2 recommended for the determination of R N A  appears insufficiently 
sensitive and its specificity has not been adequately investigated. The present report 
deals with another modification of the phloroglucinol reaction which permits the 
differentiation between aldo- and ketopentose and the determination of small amounts 
of pentoses and their nucleotides in presence of larger amounts of other sugars. 

* This  invest igat ion  was  supported by  a grant from the  Life Insurance  Research Foundat ion.  
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EXPERIMENTAL 
I. Procedure 
To 0. 4 ml of the unknown,  containing 4 to 4 ° /~g of pentose per ml, are added 5 ml of a freshly 
prepared mixture  of 11o ml of glacial acetic acid C.P., 2 ml of HC1 C.P. sp. gr. 1.19, i ml of 0.8% 
glucose and 5 ml of 5 % phloroglucinol. The reaction mixture  is shaken, immersed for 15 minutes  
ill a vigorously and uniformly boiling wa te rba th  and cooled in tap  water. A blank containing 
water  instead of pentose  is run  simultaneously.  

2. The reaction and absorption spectra with various sugars 
All 4 aldopentoses produce an intense red color with a sharp absorpt ion m a x i m u m  at  552 m/*. 
The phosphoric  esters of ribose, AMP, yeast  adenylic acid, coenzymes I, n ,  and ribose-5-phosphate 
yield the same color and absorpt ion spectrum as ribose itself (Fig. I). Aldohexoses yield at  much 
higher concentrat ions (o.5 mg/ml) a faint  b rown color with a barely perceptible m a x i m u m  at  
555 mkt and a s tronger m a x i m u m  in the blue pa r t  of the spectrum. Aldoheptoses, on the other 
hand, yield a brownish red color with an absorpt ion m a x i m u m  at  55 o, and a very different 
absorpt ion curve from tha t  of pentoses. Ketopentoses  and ketoheptoses produce a green color 
with two absorpt ion max ima  which for ketopentoses are at  61o and 45 ° m u, and for heptuloses at  
640 and 45 ° with a distinct m i n i m um  between these two wavelengths.  Ketohexoses react  in much 
the same way  as aldohexoses. The sensit ivity for the reaction of all these sugars is 2-1o % of t ha t  
of aldopentoses. 2-Deoxyribose produces a color similar to aldopentose, bu t  more  brownish with 
two absorpt ion maxima,  one at 552 and the other  at  47 ° m # .  An appreciable color is developed 
only at  a concentrat ion of about  I mg per  ml of DNA. Hexuronic  acids and menthol  glucuronide 
show a violet-red color with one absorpt ion m a x i m u m  at  552 m/~, wi th  all absorpt ion curve which 
differs significantly from tha t  of aldopentose, a-Keto, di- and tricarboxylic acids found in animal  
t issues give no color. 

3. Quantitative determinations o~ aldopentose and ribose phosphates 
The optical density at  552 m #  of the color produced by  ribose or its phosphate  esters is proport ional  
to the concentrat ions of compounds  as can be seen in Fig. 2. In  presence of a large excess of other  
sugars, however, it would not  be possible to determine pentoses accurately because of the absorp-  
t ion of the product  from these other  sugars  at  552 m/,. The influence of keto sugars as well as of 
DNA, however, can be eliminated by  reading a t  552 m/* and a second wavelength at  which the 
absorpt ion from the respective keto sugars differs very  little from tha t  at  552 In#, whereas the 
difference in the extinction coefficients at  the two wavelengths is considerable for the Mdopentose. 
For  determinat ions of r ibose-5-phosphate in presence of ketopentoses,  fructose phosphate ,  and 
sedoheptulose phospha te  it has proved most  convenient  to make the second reading at  5Io m/* 
and to use D~52-D~lo as a measure  of the concentrat ion of the  aldopentose. This difference will be 
either negligible for the keto sugars and their  esters, even when they  are present  in considerable 
excess (Table I), or so small tha t  it can be accounted for wi thout  appreciable loss of accuracy in 
the determinat ion of aldopentose. Ketoheptoses  and ketohexoses can, when present  in concentra- 
t ions comparable to tha t  of pentose, depress the color from the lat ter  by  a few %. In  determinat ions 
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Fig. i. Proport ional i ty  between concentrat ion Fig. 2. Absorpt ion spectra of various saccharides 
of adenosine-5-phosphate and optical densities, in the phloroglucinol reaction. A = ribose 

5 mg %. B = galacturonic acid io mg °. o. 
C = deoxyribonucleic acid ioo mg %. D ~ fructose io mg %. E = ribulose 20 mg °. o. F 

sedoheptulose monophospha te  25 mg %. 
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T A B L E  I 

OPTICAL DENSITIES AT 552 AND 510 m/~ AND THEIR DIFFERENCES IN THE PHLOROGLUCINOL REACTION 
OF VARIOUS SUGARS AND SUGAR ESTERS 

Expt. No. Substance Concentration Dsnl_D61o 
in moles/ml D~s s X iooo D~I o X iooo X zooo 

I Ribose  o.33 369 93 276 
Arab inose  o.33 385 96 289 
Xylose  o.33 372 92 28o 
Lyxose  o.33 378 96 282 

I I  

III 

IV 

Ribose  o. 15 154 44 i i o 
Adenosine o. 15 134 35 99 
Adenosine-  5 -phospha te  o. 15 315 76 239 
T P N  o.15 184 46 138 
D P N  o.15 134 36 98 

Adenosine-5 -phospha te  o. 15 290 72 218 
Ribose-5 -phospha te  o. 2o 380 96 284 
Ribose-5-phospha te  o. 15 283 7 ° 213 
Ribose-5-phospha te  o . io  188 48 i4  ° 
Ribose-5-phospha te  0.05 95 22 73 

Ribulose  i .oo 41 o 313  97  
Glucuronic  acid o.5 39 8 31 
Galac tu ron ic  acid 0. 5 202 62 14o 
Fruc tose  0"5 31 38 - -  7 
Glucoheptu lose  o.5 18 19 - -  i 
Sedoheptu lose-7-phosphate  0.25 67 8i  - -  14 
D i h y d r o x y a c e t o n e  I .oo 4 4 o 
Glycera ldehyde  I .oo 3 3 o 
Fucose 0.6 3 5 - - 2  
Glucose 5 .00 3 ° 30 o 
Gluco-ido-heptose 5.0o 375 252 I23 
Gluco-gala-octose 4.o° IOi I62 - - 6 I  
7 - D e ° x y m a n n ° ' g a l a - h e p  rose 5.oo 62 8o - -  18 
DNA 0.75 75 57 18 
Mentho lg lucuron ide  1.5 I o 3 ° - -  2o 

on t i ssue  e x t r a c t s  i t  is, therefore,  necessary  to  use in t e rna l  s t andards .  I f  the t issue ex t r ac t s  are 
p repa red  wi th  TCA or HC104 i t  is necessary  to  h a v e  in the  s t a n d a r d  solut ion and  in the  b l a n k  
a p p r o x i m a t e l y  the  same a m o u n t  of t he  depro te in iz ing  agen t  as is p resen t  in the  expe r i men t a l  
sample.  Dsst-Ds10 is p ropor t iona l  to  the  concen t r a t ion  of a ldopentose  (Table I). 

4. C o m p a r i s o n  o / t h e  i n t e n s i t y  of  the ph lorog luc ino l  react ion o / v a r i o u s  aldopentoses  a n d  var ious  ribose 
phosphate  esters 

The compounds  used for the  compar i son  of the  ex t i nc t i on  coefficients in the  reac t ion  were commer-  
cial p repara t ions .  The adenos ine-5-phospha te  (Nu t r i t i ona l  Biochemical )  was  found on the  basis  
of N and P ana lys i s  and  u l t r a -v io le t  absorp t ion  to  be 95 % pure.  The T P N  and D P N  (Pabs t  
Labora tor ies)  were c h r o m a t o g r a p h i c a l l y  pure  and con ta ined  on the  basis  of enzymic  ana lys i s  
abou t  95 % of coenzyme.  The r ibose-5-phospha te  (Schwartz  Labora tor ies )  was s t andard ized  
aga ins t  the  adenos ine-5-phospha te  p r e pa r a t i on  b y  the  orcinol  react ion.  

As can be seen from Table  I the  four a ldopentoses  show p rac t i ca l l y  ident ica l  ex t inc t ion  
coefficients. The glycosidic  l ink  be tween  ribose a nd  adenosine  influences v e r y  l i t t le ,  if a t  all, t he  
reac t ion  of ribose. The es ter i f icat ion wi th  phospha te ,  on the  o ther  hand,  m a y  s t rong ly  influence 
the  r e a c t i v i t y  of ribose. The s ubs t i t u t i on  a t  carbon 5 doubles  the  ex t inc t ion  coefficient, whereas  
s u b s t i t u t i o n  in  pos i t ion  3 is w i t h o u t  s igni f icant  effect. I t  should  be noted,  fur thermore ,  t h a t  the  
i n t e n s i t y  of the  reac t ion  depends  also la rge ly  on w h e t h e r  the  adenos ine-5-phospha te  is l inked 
by  i ts  phospha te  group to  ano the r  nucleot ide,  as shown by  the  behav ior  of T P N  and  DPN.  These 
two  coenzymes  show m u c h  lower e x t i n c t i o n  coefficients t h a n  adenos ine-5-phosphate .  These 
g rea t  differences in the  b e h a v i o r  of va r ious  mono- and  po lynuc leo t ides  m a k e  i t  necessary  to use 
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as standard a nucleotide which is present in the experimental sample and if the latter contains a 
mixture of nucleotides it is necessary to use the phloroglucinol reaction in combination with other 
reactions so as to determine quantitatively all the nucleotides in the mixture. This difference in 
the color intensity between nucleotides is due, as in the case with Bial's orcinol reaction, to a dif- 
ferent speed in the development of the color which is much greater in the esters substituted at 
carbon 5 than in the free sugar and other esters. The difference between adenosine-5 and adenosine- 
3-phosphate, therefore, is much greater after 5 minutes heating and tends to disappear when the 
heating is prolonged beyond 15 minutes. However, by longer heating the stability of the color is 
unfavorably affected. 

DISCUSSION 

The phloroglucinol react ion as compared with  Bial 's  orcinol react ion appears about  

one half as sensit ive in so far as the min imum absolute amount  of mater ia l  necessary 

for the de te rmina t ion  is concerned. The min imum  concentra t ion of ribose or its 

esters which can be accurately  determined is about  five t imes as high in the phloro- 

glucinol react ion as in the orcinol reaction. On the other  hand, the phloroglucinol 

react ion appears much  more specific and much  less influenced by the presence of 

other  sugars. Aldohexoses and aldoheptoses show only a negligible reaction with 

phloroglucinol,  while the corresponding keto sugars show a negat ive value for 

D55,-D51o which amounts  to only about  I to 2 % of the value of an equivalent  amount  

of ribose-5-phosphate.  In mixtures ,  therefore, of the la t te r  wi th  phosphates  of keto- 

hexoses and ketoheptoses r ibose-5-phosphate can be accurate ly  determined when 

the  re la t ively  small  corrections for the other  sugar esters are applied. In this respect 

the phloroglucinol react ion appears to be superior to Bial 's  orcinol reaction. 

This reaction,  finally, can be used with  advan tage  for the quan t i t a t ive  determina-  
t ion of aldopentoses in presence of ketopentoses,  as the ext inc t ion  coefficients of the 

la t te r  are only a few % of those for aldopentoses. Al though the r eac t iv i ty  of ribulose- 

and  xylulose-5-phosphate  in the phloroglucinol react ion has not  yet  been de te rmined  
direct ly  with sufficient accuracy, owing to the lack of sufficiently pure preparat ions of 

these compounds,  de terminat ions  on mixtures  of ketopentose-  and ribose-5-phosphate,  

which will be repor ted  later, indicate  t ha t  the reac t iv i ty  of these ketopentose esters 

can be assumed to be negligible as compared  with tha t  of equivalent  amounts  of 
r ibose-5-phosphate.  

SUMMARY 

I. A new modification of the phloroglucinol reaction of pentoses is described. 
2. The application of this reaction for the quantitative determination of aldopentoses in 

presence of other sugars is discussed. 
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