316 NOTES

CHROM. 4569

Mlcrodetermmatlon of molar ratios of neutral sugars on thin layers of
horohydrlde-reduced cellulose”

An 1mportant problem in structural determmatlon of the ohgosaccha.rlde units
of glycoproteins is the ava11ab111ty of a sensitive, accurate and convenient analytical
method for determining molar ratios of the constituent sugars.. While paper chromato-
graphy of hydrolysa.tes of olxgosacchandes, followed by elution and colorimetric
determination, can give good resultsl:?, it is time consuming and requires relatively
large amounts of material, Gas chromatography (GC) has also been used for quantita-
tive determinations®¢ and is extremely sensitive. However, unless the alditol acetate
derivatives are prepared, one encounters problems with isomerization during sample
preparation which could be serious if several different sugars are present. Thus, the
preparation of suitable derivatives imposes a restriction on the sample size for GC
analysis, even though a given analysis may require only 19 of the total sample.
Recently, ion-exchange column chromatographic methods have been introduced®.®
and have been found to give good separations with sens1t1v1ty in the 1o ug range.
Both the GC and the ion-exchange methods require expenswe instrumentation for
quantitative results.

The method described in this communication requlres only equipment for thin-
layer chromatography (TLC) and for colorimetric determination. It combines the
excellent separations of neutral sugars on thin layers of cellulose with a modification
of the PARK-JOHNsON reducing sugar method? and enables the reproduc1b1e determi-
nation of molar ratios on as little as o. 5 ug of each sugar..

Materials and methods

Crystallme cellulose (Avicel SF, American Viscose Corp.) was reduced by a
modification of the method of WoLFROM et al.8. The cellulose was suspended in 1.0 M
aqueous sodium borohydride and vigorously stirred for 12 h. After this time, the once-
reduced cellulose was filtered off and the above treatment repeated. The final reduced
product was washed thoroughly with o.x IV acetic acid and then with water and was
dried in a desiccator. This treatment was found to yield a cellulose having chromato-
graphic properties not significantly differing from those of native cellulose and a
reducing content diminished to a point suitable for determination by the PARK—JOHN-
soN méthod. The dried, reduced cellulose was ground to a powder, and a slurry was
prepared by homogenizing 5 g in 20 ml of distilled water in an Omnimixer blender.
The slurry was rolled onto glass plates by hand, using a plastic rod. Plates prepared
in this manner could be stored indefinitely with no special precautions regarding
moisture or temperature and could be used with no pretreatment.

Standard sugars and neutralized hydrolysates of glycoprotein oligosaccharides
were applied to the plates in 1—2 mm spots with a Hamilton microsyringe. The plates
were developed to a distance of 10cm. After development, the inner lanes were
protected with aluminium foil and outer lanes were sprayed with o-aminobiphenyl
reagent?, and the plate was heated at 100° for 1 min to develop the fluorescent color.
The sugars were removed from the plate by scraping free the area corresponding to

* Contribution No. 596 from the McCollum-Pratt Institute.
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tl}e standard sugar and collecting it by suction into a glass-wool-plugged Pasteur
pipette connected to a water aspirator. For a given plate, the same size areas were
removed for each sugar. The reducing sugars were then eluted from the cellulose with
distilled water and determined by the PARK—JoHNSON procedure scaled down to a
final volume of 1.5 ml. In this modification, color development was linear with re-
ducing sugar content over a range of 0.5-5 ug for pD-mannose, D-galactose and D-

xylose. Blanks for the determinations consisted of non-sugar containing areas of the
plates.

Results and discussion

Blank values for 'the reduced cellulose layers were found to be low when the
reduction was carried out as described. In an experiment in which ten areas were
scraped from a plate to which no sample had been applied, the “plate blank” was
found to give an absorbance of 0.112 4- 0.007 relative to water, as compared to a
PARK—JOHNSON reagent blank of 0.085 4 0.005. In the PARK—JOHNSON assay em-
ployed here, the color yield was Aggo nm = 0.267 per ug reducing sugar as D-man-
nose against the reagent blank. Thus, when even as little as 0.5 ug of sugar is measur-
ed, the difference between the plate blank and the reagent is only 209, of the value
for the sugar.

The recovery of reducing sugars from the reduced cellulose layers was found
to be quantitative (Table I). Replicate aliquots of standard D-mannose solution ‘were
applied to a plate, chromatcgraphed, eluted and determined colorimetrically. Using
the same microsyringe and the same solution, the same volume of standard D-man-
nose sclution was delivered to test tubes for direct colorimetric analys1s The results
of both sets of reducing power determinations show that recovery of the standard
sugar was virtually 1009%,. Recoveries were also shown to be quant1tat1ve when as
much as 10 ug of neutral sugar was applied. In addition, mixtures of standard sugar@®
were spotted on plates, separated, and recovered as described. The mclar ratios of the
isolated sugars did nct differ significantly from those of the starting mixture.

TABLE 1

QUANTITATION PARAMETERS FOR MICRODETERMINATION OF SUGARS ON REDUCED CELLULOSE
LAYERS

Volume of standard Agpg nm after % vecovery
D-mannose solution Parvk—Johnson ~ (A|B X z100)
(r uglul) reaction

(A) Plate 1 ul (7 spots) 0.263 -+ 0.006% g9

(B) Test tubes 1 ul (7 tubes) 0.267 } 0.007 100.0

Molar ratios relative to D-mannose as 1.00

D-Manmnose " D-Fucose D-Xylose
Standard sugars mixed 1.00 0.506 . 0.585
Standard mixture
after TLCseparation L
A 1.00 0. 500 . 0.579
B 1.00 0.498 0.606

o After subtraction of plate blank.
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TABLE 1@

MOLAR RATIOS eir dbvcop’ﬁei‘zm ‘NEUTRAL SUGARS '

Glycoprotein ‘Neutml Molayr vatios of neutral sugar constituents
. sugar
c corgzsmuent. TLC' -Automated bovate
L e - chromaltogvaphy

a-Amylase " Mannose 3.g0¢:b,¢ 3,70
Galactose 1I1.00 1.00
Bromelain I1¢ Mannose:  2.00%/J 2.00
. Fucose 1.00 1.07
. : - Xylose 1.00 0.88
Bromelain III¢ Mannose ' 2.00 " 2,00
S .+ - .Fucose 1.03- - 1.12
Xylose ~0.93 .0.95

: 8. The neutral sugars in- this glycoprotein show non-integral molar ratios due to micro-
heterogeneity.of the carbohydrate groupto. .
b Ratios expressed relative to galactose as 1.00. ‘ ‘
' o'Solvent system: for separatlon was ethyl acetate—(1sopropa.nol—wa.ter, 2:1), 60:40. Plates
were developed twice. ... .
a Commerela.l ‘bromelain was fra.ctxona.ted by 1on-exchange chroma,tography into several
smnla.r protea.ses with identical carbohydrate content.”
' o Ratios expressed relative to mannose as 2.00.
. 1 -Solvent system for. separation was n-butanol-pyridine—ethyl acetate-acetic acid-water
(IO 3:3:3: 4) Pla,tes ‘were developed three tlmes. ‘

, The molar ratlos of the ma]or neutral sugar constltuents of two glycoproteins,
Asj;ergdlus oryzae a-amyla.se and pmeapple stem bromelaln, determined by this method,
agreed well with the ratios determined by automated borate comple*{ anion-exchange
chromatogra.phy6 The results (Table 1I) show that the present method g1ves values

‘in good agreement with the sophisticated automated system.

In summa.ry, mlcrodetermmatlon of molar ratios of reducing sugars by the
present rnethod prov1des an inexpensive valua.ble alternatlve to exlstmg methods of
qua.ntltatlve sugar estimation. ‘
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