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The usefulness of the method of Aminoff, Morgan, and Watkins (1) for
the estimation of N-acetylamino sugars is limited by interference resulting
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the presence of sugars plus amino acids (1, 2) or magnesium ions. With
the present method, as the result of substituting a ‘concentrated borate
buffer for the original carbonate buffer and introducing several concomitant
changes, such limitations are largely overcome. Inaddition, the color yield
is increased about 2-fold, and the time required for full color development
is shortened from 1% hours to 20 minutes. The method has been applied
in a number of analytical situations.

An enhancing effect of borate upon color production had been noticed
by Aminoff et al., who, however, did not take advantage of it in their stan-
dard assay method.

Materials and Methods

Apparatus—Optical density of thesolution wasmeasured with a Beckman
quartz spectrophotometer (model DU), with Corex cells and a 1 cm. light
path. Wave-length calibration was performed with reference to the 656
mu of the hydrogen lamp. A further check on the calibration was af-
forded by the location of an absorption band at 550 mu in & solution of
cytochrome ¢ plus sodium dithionite.

Reagents—

Potassium tetraborate (Fisher Scientific Company). A solution 0.8 M in
borate is prepared, and the pH is adjusted to 9.1 with KOH (pH 8.9 when
diluted 6-fold). For many of the experiments reported here, the borate
was prepared by adding the calculated amount of KOH to a H;BO; solu-
tion. The solution was then concentrated, and the crystalline mass was
washed with. cold water and dried. The pH was 9.2 (when diluted).

p-Dimethylaminobenzaldehyde (DMAB) reagent. 10 gm. of DMAB

* Similar methods were developed independently in Buenos Aires and Bethesda,
and it was decided to combine experiences in a single publieation.
1 J. Alvarez, 1719.
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(Eastman Kodak Company, Rochester, New York, or Amend Drug and
Chemical Company, Inc., New York)! are dissolved in 100 ml. of analytical
reagent glacial acetic acid which contains 12.5 per cent (volume per vol-
ume) 10 x HCl (analytical reagent). This reagent could be stored at 2°
for & month without significant deterioration. Shortly before use it was
diluted with 9 volumes of reagent grade glacial acetic acid.
N-Acetylglucosamine. A commercial sample (Nutritional Biochemicals
Corporation, Cleveland), which contained 5 to 10 per cent glucosamine, was
purified by passing it through Dowex 50 H+ and recrystallizing from the

offss A3 i White (2) Anat
effluent accoraing to White (3). Anocther sampu';‘ was prepared from ghk

cosamine hydrochloride as indicated by White (3) and purified as above.

N-Acetylgalactosamine. Samples were kindly supplied by Dr. C. E. Car-
dini (prepared according to Roseman and Ludowieg (4)) and Dr. S. Rose-
man,

Assay Procedure

To the sample, blank and standard, each contained in a volume of 0.5
ml. in a 13 X 100 mm. test-tube, 0.1 ml. of potassium tetraborate is added.
The tubes are heated in a vigorously boiling water bath for exactly 3 min-
utes and cooled in tap water. 3 ml. of DMAB reagent are then added,
and, immediately after mixing, the tubes are placed in a bath at 36-38°.
After precisely 20 minutes the tubes are cooled in tap water and read with-
out delay at 544 or 585 mu. In the experiments to be reported, the wave-
length 544 mu was used (according to Aminoff et al. (1)) unless otherwise
indicated. However, the wave-length 585 mg may be preferred, as some
increase in sensitivity results at no disadvantage and the color due to
interfering substances is considerably reduced at this wave-length.

The method has been adapted to the semimicro and micro scales, with
final volumes of 0.5 and 0.05 ml., respectively. Volumes of all reagents
were proportionally reduced. Readings were made in cells of 5 and 1.5 mm.
width, respectively (1 cm. light path), obtained from the Pyrocell Manu-
facturing Company, New York.

For comparison, the procedure of Aminoff et al. (1) was carried out es-
sentially as described, except that the final volume was reduced to 5.5 ml.

Results
Optimal Conditions for Color Production

The production of color in this test depends upon two independent proc-
esses: the formation of an intermediate compound, possibly a glucoxazo-

1t With the present samples of DMAB, it was not necessary to recrystallize as
indicated by Aminoff et al. (1).
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line (1, 3, 5), formed by heating the acetylhexosamine with alkali, and the
reaction of this intermediate with DMAB during the development of color
in an acid medium,

Borate Heating Step—The effects of varying the time of heating and the
pH and concentration of the borate solution are depicted in Figs. 1, 2, and
3 (Curve A), respectively. The optimal heating time is 3 minutes, and, if
prolonged to 10 minutes, the color yield is reduced by 10 per cent.

The optimal pH is 8.9. This is conveniently close to the pH at which
borate has maximal buffering power (the pK for the dissociation of the
first H* in H;BO; 1s 9.2).
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Fi16. 1. Effect of time of heating on color yield from 0.1 gmole of acetylglucosamine
assayed by the present method.

F1c. 2. Effect of pH of the borate solution on color yield. The samples contained
0.1 ml. of 0.8 M borate, 0.1 umole of acetylglucosamine, various amounts of HCI or
KOH, and water to make up 0.6 ml.

Color Development Step—The rate of color development is dependent
upon the incubation temperature and also upon the acidity and the water
content of the final mixture. At room temperature full color development
requires 90 to 120 minutes. At 36-38°, as employed in this study, full
color develops in 20 minutes (Fig. 4) and then begins to fade at a rate of
1.5 per cent loss every 5 minutes. The loss can be brought down to 0.5
per cent every 5 minutes by cooling to room temperature (22-25°). At
higher temperatures (60° or 100°) color develops in a shorter time, but fades
so rapidly as to make the use of these temperatures impractical.

Borate concentration, above a certain threshold, has little effect on the
formation of the intermediate compound (Fig. 3, Curve A), but the amount
of borate does influence markedly color development (Curve B). Iif too



962 ESTIMATION OF N-ACETYLAMINO SUGARS

much borate is added to the sample, color development (both rate and
yield) is interfered with. Borate interferes with color development in
part, at least, because it lowers the acidity of the final mixture; the higher
the HCI content of the DMAB reagent, the lower the borate interference.

The influence of each of the above variables on color intensity was fol-
lowed quantitatively. It was concluded that the conditions chosen for
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Fia. 3. Effect of borate concentration on color yield from 0.1 pmole of N-acetyl-
glucosamine assayed by the present method. For Curve A, the borate concentration
was maintained only during heating at 100°, by using either less than 0.1 ml. of borate
or less than 0.5 ml. of sample. Before the DMAB was added, the mixture was made
up to standard conditions by adding either borate solution or water. For Curve B,
borate was added initially up to the indicated concentration in a total volume of
sample plus borate of 0.6 ml.

Fic. 4. Rate of color development and fading with the present method. @ and
A, samples kept throughout at 36°; O and A, placed at 22° after 20 minutes at
36°. Upper curves, 0.1 ymole of acetylglucosamine; lower curves, 0.06 ymole. Zero
time was taken as the time of addition of the DMAB reagent. The temperature
was controlled by means of the thermostatic attachment on the spectrophotometer.

the standard procedure are optimal and that deviations of 10 per cent in
the volume of the sample, the borate solution, or the DM AB reagent have
no effect on the assay besides that which results from fluctuations in the
final volume.

Higher readings can be obtained by increasing the concentration of
DMAB in the reagent (e.g., 5 per cent higher with a 30 per cent increase
in concentration). This had also been noticed by Aminoff et al. (1) who,
however, used one-fifth as much DMAB as is employed in the present test.
They had to limit the DMAB concentration to avoid exceedingly high blank
readings, a difficulty not encountered in our experiments with the borate
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method. A higher DMAB concentration also widens the range in which
optical density is proportional to the amount of acetylglucosamine,

Sensitivity and Specificity

Plots of the color given by standard solutions of N-acetylglucosamine and
N-acetylgalactosamine are shown in Fig. 5. With acetylglucosamine there
is a slight departure from linearity for quantities greater than 0.13 ymole.
The eon* for N-acetylglucosamine? ranges from 18,000 to 21,000 by the
present procedure and from 9000 to 10,000 with the method of Aminoff
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with the present method and 2100 with the method of Aminoff et al. (385
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Fia. 5. Relationship between quantity of the acetylhexosamine and color yield.
@, as assayed by the present method; O, by the method of Aminoff et al., performed
in a final volume of 5.5 ml.

and 21 per cent, respectively, of the color developed with N-acetylglucosa-
mine).

With the micromodification of this method, as little as 3 X 10-1° mole of
acetylglucosamine can be determined.

The N-acetylamino uronic acids of Park (6) have been reported to give
2 to 3 times the color yielded by N-acetylglucosamine in the original pro-
cedure. However, with the present method the color given by these com-
pounds is equivalent to that produced by N-acetylglucosamine® With
either method, N-acetylglucosamine-6-phosphate gives the same extinction
coefficient that N-acetylglucosamine has at 544 and 585 mp? (7, 8).

2 ;%0 the molar extinction coefficient for the chromogen at the indicated wave-

length and light path, has been calculated on the basis of the molarity in the final
reaction volume of the substance being analyzed. Since the nature and the molarity
of the colored compound are unknown, this value is not necessarily the extinetion
coefficient of the colored compound.

3 Strominger, J. L., in preparation.

4 Reissig, J. L., in preparation.
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Uridine diphosphate N-acetylglucosamine, uridine diphosphate N-ace-
tylgalactosamine, and N-acetylglucosamine-1-phosphate fail to give the
test unless they are previously hydrolyzed with acid. The nucleotides can
be hydrolyzed by heating at 100° in 0.01 ~ acid for 15 minutes (9, 10), but
the sugar phosphate requires more rigorous conditions, e.g. 5 minutes at
100°in 0.1 x HCL?

Interfering Substances

Glucose Plus Lysine—The color produced in the original and in the pres-
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b‘l.ll; meuvnoa ny an equunomr IIllXEuI'e OI glucose plus lysme kpﬂ 1U.3) was
compared. The ratio of & o™ for acetylglucosamine to e o for the glu-
cose-lysine mixture is about 4500 by the present method and about 100 by
the original method (for the glucose plus lysine concentrations used in the
experiment of Fig. 6, which are not high enough to inhibit color develop-
ment). With either method, the spectra® of the chromogens formed by
the sugar plus amino acid mixture and by N-acetylamino sugars are dis-
tinctly different (Fig. 6), as has been already reported by Aminoff et al.
(1). At 585 my the sugar plus amino acid interference is at its minimum.
This is particularly marked in the borate method (Fig. 6), and the inter-
ference is, therefore, greatly reduced.

Magnestum Ions and Salis—The color given by acetylglucosamine in the
present test is inhibited only 2 per cent by 0.03 M magnesium ions, but 67
per cent in the original method. No inhibition was observed when the
sample was made up in 1 m NaCL

Acids and Bases—The advantages of the higher buffering capacity af-
forded by the borate in the new test are brought out by Fig. 7, inspection of

$ However, Kuhn et al. (5) have recently reported that with the Morgan-Elson
method not all 1 substituents require acid hydrolysis, and also that substitution at
the 4 position abolishes the color reaction. Attention may also be directed to the
fact that with the original procedure the reaction may be given by a number of
N-acetyl-2-amino sugars of varying chain length, that N-acetyl can be replaced by
other N-acyl groups, and that other compounds (chiefly pyrroles) give the reaction,
although the characteristics of these reactions reportedly differ from the reaction
given by N-acetylamino sugars. These data have been recently reviewed by Kent
and Woodhouse (11). No attempt has been made to evaluate these factors by the
present procedure.

6 If the spectra reported here (Fig. 6), obtained both in Bethesda and in Buenos
Aires, and those of Cabib et al. (9) are compared with the spectra presented by Ami-
noff et al. (1), it will be noticed that they are shifted about 5 mu relative to each
other. We have no explanation to offer for this discrepancy, except that an inac-
curate wave-length calibration of the spectrophotometer might be involved. If a
spectrophotometer of greater band width is used in the assay of acetylglucosamine,
the spectrum of the chromogen should be checked with that apparatus. The Cole-
man junior spectrophotometer (model 6A), for instance, yields a spectrum with a
single maximum located at about 565 mu.
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which shows that in assaying acid-labile N-acetylhexosamine it is often un-
necessary to neutralize the acid used for hydrolysis.

Provision of Blanks—In dealing with crude biological materials, it is
sometimes found that color is produced even if the sample has not been
heated with borate. An appropriate blank, in which the 3 minute boiling
is omitted, should then be included.
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Fig. 6. Absorption ‘spectra of the color developed. @, present method; O,
method of Aminoff et al. Molar extinction coefficients are plotted on the ordinates;
the scale on the right and the solid lines correspond to the spectra of N-acetylglu-
cosamine (0.2 ymole assayed with the original method or 0.05 umole by the present
method); the scale on the left and the dotted lines correspond to the spectra of lysine
plus glucose (8 umoles of each by the original method or 20 umoles by the present
one).

Fig. 7. Effect of adding acid or base on color yield. @, present method (0.06
umole) ; O, method of Aminoff et al. (0.2 ymole). The N-acetylglucosamine and the
acid or base added were contained in the standard sample volume (0.5 ml.) prior to
heating with borate. The pH of the borate buffer (diluted plus sample volume)
was 9.2.

Applications of Method

The method has been employed in a number of analytical situations: (a)
Study of the enzymatic conversion of acetylglucosamine-1-phosphate into
acetylglucosamine-6-phosphate (7). (b) Assay of the N-acetylglucosamine
and N-acetylgalactosamine content of mixtures of uridine diphosphate
acetylglucosamine and uridine diphosphate acetylgalactosamine. Pontis
(10) has differentiated both acetylhexosamines, taking advantage of the
fact that after deacetylation they give equivalent readings per mole in the
Elson-Morgan (12) reaction, while acetylgalactosamine produces lower
readings by the present test. Mixtures of standard solutions of both ace-



966 ESTIMATION OF N-ACETYLAMINO SUGARS

tylhexosamines give additive values by the present procedure. (¢) Analy-
ses of the amounts of easily hydrolyzable N-acetylamino sugars in crude
extracts of animal and bacterial tissues. With the extracts of hen oviduet,
rabbit liver, Staphylococcus aureus, and Lactobacillus helveticus 335 the va-
lidity of the estimation was checked by chromatographing the extracts on
anion exchange resins and estimating the recovery of N-acetylamino sugar-
containing compounds. Recoveries were 85 to 95 per cent (13). The
method was also satisfactorily employed for analysis of the efluents from
the anion exchange columns (8). (d) The N-acetylamino sugars in the uri-
3inm ntrnlandidan Prunen @ npvmisnre IR srao A han Asricdiiad QY hawoa
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estimated quantitatively.

SUMMARY

1. A modification of the method of Aminoff, Mergan, and Watkins for
the estimation of N-acetylamino sugars has been described and compared
with the original procedure. It is less time-consuming and affords en-
hanced sensitivity, more stringent specificity, and less susceptibility to
factors which might interfere with color development.

2. With the present procedure the molar extinction coefficient of the
chromogen (based on acetylhexosamine concentration) is about 21,000 for
N-acetylglucosamine and about 7400 for N-acetylgalactosamine at the
wave-length of maximal absorption (1 em. light path). With a micro-
adaptation of the method 3 X 10-'° mole of N-acetylglucosamine can be
determined.

3. Several applications of the method are described.
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