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Note

Color reactions of 2-amino-2-deoxy-D-mannose
and 2-acetamido-2-deoxy-D-mannose®
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The phenol-sulfuric acid method! for determination of carbohydrates is a
simple, sensitive, accurate method widely used for various types of sugar analysis.
The method had been believed to be unaffected by presence of 2-amino-2-deoxy
sugars®. However, in the course of the chemical synthesis of f-p-(1 —4)-linked O-D-
galactosylhexosamines®, we found that O-f-p-galactopyranosyl-(1 — 4)-2-acetamido-
2-deoxy-p-mannose gives a color yield higher than would be expected from the
D-galactosyl group alone. Subsequent studies on the color reaction of 2-acetamido-2-
deoxy-D-mannose showed that this N-acetylhexosamine indeed produces color under
the normal conditions of the phenol-sulfuric acid method.

e
Man
Gal
t L.
o 4
=z
<t
m -
o
o
(92
g 2r
ManNAc
[o] 13 : 1 1 1 [] ¢ . 1 1 1 i 1 I
390 410 430 450 470 490 510

WAVELENGTH (nm)

Fig. 1. Absorption spectra of colored products formed from p-mannose (—QO—), p-galactose (—E—),
and 2-acetamido-2-deoxy-D-mannose (—@—) in the phenol-sulfuric acid method. (Absorbance
values were calculated for 1 gmole of each sugar.)
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As shown in Fig, 1, when applied to 2-acetamido-2-deoxy-D-manncse, the
phenol-sulfuric acid method yields a yellow color having maximum absorption at
435 nm. The molar absorbance of the color produced by 2-acetamido-2-deoxy-D-
mannose was ~25% of that produced by neutral sugars at 480 nm (see Fig. 2).
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Fig. 2. Standard curves for b-mannose (—&—), 2-acetamido-2-deoxy-D-mannose (—§—), 2-amino-
2-deoxy-p-mannose (—(—), and 2-acetamido-2-deoxy-D-glucose (-~-@---).

Under identical conditions, a negligible amount of color was obtained from 2-
acetamido-2-deoxy-D-glucose and -galactose* and 2-amino-2-deoxy-D-mannose,
-glucose*, and -galactose*. Under the conditions of the orcinol-sulfuric acid method?,
however, the color yield from 2-acetamido-2-deoxy-D-mannose was immeasurably low.
Likewise, the color obtained from 2-acetamido-2-deoxy-p-mannose in the cysteine—
sulfuric acid method was negligible>.

It is thus apparent that the estimation of neutral sugars in polysaccharides
containing 2-acetamido-2-deoxy-b-mannose will afford high values, unless the con-
tribution due to 2-acetamido-2-deoxy-p-mannose is taken into account. In contrast,
no such correction is necessary when the orcinol-sulfuric acid assay is employed**.

The foregoing facts are given in Table I, which presents the relative absorbances
obtained by phenol-sulfuric acid and orcinol-sulfuric acid assays of 2-acetamido-2-

*Standard curves for 2-acetamido-2-deoxy-D-galactose and 2-amino-2-deoxy-pD-glucose and D-
galactose, although not included in Fig. 2, fall on or near the standard curves for 2-amino-2-deoxy-b-
mannose and 2-acetamido-2-deoxy-D-glucose.

**2.Acetamido-2-deoxy-D-mannose produces substantial color when the orcinol-sulfuric acid reac-
tion-mixture is incubated at 100°, instead of 80° as prescribed by Winzler4.
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deoxy-p-mannose, D-galactose, and O-pB-D-galactopyranosyl-(1-»4)-2-acetamido-2-
deoxy-D-mannose.

TABLE 1
COMPARISON OF ABSORBANCE BY TWO COLORIMETRIC METHODS

Absorbance®

Phenol-sulfuric acid Orcinol-sulfuric acid
p-Gal 3.81 1.58
p-ManNAc 1.23 0.002
p-p-Gal-(1—4)-D-ManNAc 5.12 1.59

%Value produced by 1 zmole of the sugar.

These findings may explain some of the enigmatic results found in the literature
dealing with the sugar-composition analysis of materials known to contain 2-acet-
amido-2-deoxy-D-mannose residues. In two such studies®’, the investigators found
discrepancies in the analysis for neutral-sugar composition when this was determined
on (a) intact polysaccharide and (b) partially or fully hydrolyzed samples, by the
phenol-sulfuric acid assay or the cysteine—sulfuric acid assay. Incongruities in the
neutral-sugar composition of Pneumococcus Type IV capsular polysaccharide as
determined by the cysteine-sulfuric acid method have been attributed to interference
by fucosamine?, and discrepancies in results given by the phenol-sulfuric acid method
were recorded by the authors without any explanation. In view of our findings, it is
now clear that the high values for neutral-sugar composition given by the phenol-
sulfuric method were attributable to the interference by the color produced by 2-
acetamido-2-deoxy-D-mannose.

It is also apparent that the phenol-sulfuric acid method can be useful for the
measurement of 2-acetamido-2-deoxy-D-mannose when neutral sugars and uronic
acids are absent from the samples. In such situations, the phenol-sulfuric acid
method provides a means for rapid determination of 2-acetamido-2-deoxy-D-rhannose.

EXPERIMENTAL

Unless otherwise specified, the sugars used in this study were commercial
products, and were used without further purification. 2-Acetamido-2-deoxy-D-
mannose was kindly provided by Dr. Saul Roseman. O-g-p-Galactopyranosyl-
(1 —» 4)-2-acetamido-2-deoxy-pD-mannose was prepared by chemical modification of
lactose?.

All color reactions were conducted in test tubes (13 x 100 mm); absorbances
were determined with a Bausch and Lomb Spectronic 20 colorimeter. A modified
phenol-sulfuric acid assay® was used in this work. The orcinol-sulfuric acid method
of Winzler* and the cysteine—sulfuric acid method of Dische and Danilchenko® were
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so scaled down that the color of the entire reaction-mixture could be read directly
in the test tubes.
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