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SUMMARY 

A rapid method for the separation and quantitation of mono- and oligosacchar- 
ides is described. The procedure is based on the use of Bio-Gel P-z, minus 400 mesh, 
in a properly designed column with water as eluent at 65”. For the calorimetric estima- 
tion of the carbohydrates the effluent is monitored by an automated analyzing system. 
Homologous oligosaccharides containing up to thirteen glucose units are separated 
within four to seven hours. for analytical and preparative purposes. Separation of 
glucose from ribose and maltose from isomaltose has also been obtained. Quantitative 
calibration by peak height was performed in the range of IO to IOO pg. 

INTRODUCTLON 

Analytical separation of mono- and oligosaccharides has been achieved by chro- 
matography on paper’ and on thin layers 2. Gas chromatography of the trimethylsilyl 
ether derivatives of sugars was first carried out by SWEELEY et aZ.“. This technique 
permits the separation of a wide variety of carbohydrates from mono- to tetrasacchar- 
ides. 

In 1952 KHYM AND ZILL first introduced a method for the analysis of sugar 
mixtures utilizing an anion exchange resin column in the borate form4. Based on 
this principle and with the application of automated analyzers and elevated tempera- 
turess several advanced systems have been reported for carbohydrate analysis. Reso- 
lution of multicomponent mixtures of mono- to tetrasaccharides were achieved in 
this way in 4 to 6 h O-s. Adsorption on deactivated charcoal0 and elution with water- 
alcohol mixtures resulted in the separation of glucose, maltose and raffinoselo and the 
fractionation of starch hydrolysis products up to polymers with IO to 15 glucose 
unit&r. Partition chromatography of sugars is possible by the use of cellulose powder 
columns12 as well as by either anion or cation exchange resins according to several 
investigators ls-lG. Fractionations of starchra, glycogenr7, dextransls and the isolation 
of cell wall components from yeastslO~s” and from bacteria 21 have been achieved by 
means of dextran gels (Sephadex). 

’ Polyacrylamide gel, first introduced by HJERT&N AND MOSBACH~~, is likely to be 
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a useful support for the separation of carbohydrates because in contrast to dextran 
gels it does not split off carbohydrates and it is not attacked by bacteria. In our pre- 
liminary report we described the influence of elevated temperature on the resolution of 
oligosaccharicles using a Bio-Gel P-2 column 2s. The present paper deals with an im- 
proved method utilizing Bio-Gel P-2, with a mesh number “minus 400” as a support. 
With this method we succeeded in fractionating oligomers containing two to thirteen 
glucose units, as well as separating a mixture of maltose, isomaltose, maltotriose and 
isomaltotriose. As buffer salts had no advantage, all separations were carried out with 
distilled water and in this way distinct saccharides were prepared with relatively high 
purity merely by lyophilisation. 

ESPERIMENTAL 

Polyacrylamide gel 
Two different gels were used: No-Gel P-2,200-400 mesh (control number: 3423 

(g-25-65)) and I3 io- Gel P-2, minus 400 mesh (control number : 3397 (8-27-65)), obtained 
from Calbiochem, Luzern, Switzerland. The lot-number is of importance since we 
found that the Bio-Gel P-2 now available, which according to the manufacturer is 
made by a modified process, shows poorer separation properties. 

In order to obtain a more uniform particle size, the gel was passed through a 200 
mesh sieve before and after hydration and fractionated by settlin,g according to 
WALBORG AND LANTZ*. 

Materials 
/%Amylase from barley was supplied by Serva, EIeidelberg, Germany. All 

sugars and chemicals were analytical grade, obtained from Merck A. G., Darmstadt, 
Germany. Isomaltose and isomaltotriose, prepared by enzymatic hydrolysis of dextran 
were kindly supplied by DipI.-Ing. D. PONSE. 

Orcinol reagent was prepared by dissolving I g orcinol in IOOO ml cold 70% sul- 
furic acid in a brown glass bottle. Distilled water, degassed by boiling, was used for 
preparation of the columns and as eluent. 

Prefiavation of maltodextrins 
Amylomaltase (EC. 2+1.3.), first described by MONOD AND TORRIANF, is 

induced in Esclzericlzia coli ML 30 by maltose. The enzyme acts as a glucosyltransferase 
and converts maltose into a-r,4-polyglucoses (maltodextrins) and glucoses6~2~. 

E. coli ML 30 was grown aerobically in a maltose salt medium, washed with 
ice-cold water and freeze-dried. 0.6 g freeze-dried cells were suspended in 20 ml 0.02 M 
phosphate buffer, pH 6.8 and 1.4 g maltose were added. After incubation at 28” for 
3 h excess trichloroacetic acid was added, the solution was centrifuged (30,000 x g, 
20 min) and the supernatant was freeze-clried. 

Prej5aration of the cohmns 
Two types of water-jacketed columns were used: a 2.5 x IOO cm column for pre- 

parative work was obtained from Pharmacia, Sweden. For analytical work a Duran- 
glass tube, 1.5 x 127 cm, threaded at both ends, was used. Screw caps with hose cou- 
plings were attached to both ends, the lower cap containing a nylon sieve as support 
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for the gel. To avoid wall effects the columns were coated by rinsing a solution of I y0 
dichlorodimethylsilane in benzene2’. 

The column was charged in the following way: It was filled with water and air 
.bubbles were removed carefully. A glass tube was attached to the top of the column by 
means of a screw joint. Sufficient gel suspension, previously degassed in a vacuum 
flask was poured into the lengthened column and the gel was allowed to settle over- 
night. Tight and close packings were obtained by pumping water at 30” through the 
column at a rate of 28 ml/h, till settling of the gel was complete. An exactly fitting, 
punched plastic cylinder was then inserted on the surface of the gel in order to mini- 
mize the dead volume and the upper screw cap was threaded on the top of the column. 
The use of this column adapter (Fig. I) together with a Swagelok Union Tee (1/S in.) 
permitted the injection of the samples, by means of a IOO ,J Hamilton syringe through 
the rubber septum immediately into the eluent stream. For analytical purposes the 
best 

of 6 

results were obtained when not more than IO tot 20 ~1 were injected. 
All separations were carried out at a column temperature of 65” and a pressure 

kp/cm? 

sieve 

Fig, I. Design of the upper end of the analytical column with punched plastic cylinder and scrmv 
cap. 

Alzalytical procedawe , 

Fig. 2 shows the flow scheme for the separation and analyzing system which was 
essentially an *Auto-Analyzer using orcin-H,SO, for the detection of the carbohy- 
drate@. A Milton-Roy Minipump was used to pump water through the column at a 
fixed rate of 2S ml/h. 18 ml/h of this effluent was fed to the detection system. For colour 
development a double glass coil (24 meter) in a 95” heating bath was used. The 
absorbance pattern at 420 nm was followed by means of a Zeiss calorimeter (Elko III) 
with a IO mm flow cell and a logarithmic converter (Zeiss) and was recorded by a 
Moseley/Hewlett-Packard strip-chart recorder 7101 B;*B&ction coils, glass-fittings 
and acidflex tubings were obtained from Technicon. 
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Fractionntion of oligosacclanrides 

For preparative separation of oligosaccharides z g of the freeze-dried product 
obtained from the action of E. coli cells on maltose was dissolved in 3 ml water and 
applied to a column (Bio Gel P-z, 200-400 mesh, 2.5 x IOO cm) through the injection 
equipment. Because of the high sugar concentration the sensitivity of the orcinol 
reaction had to be decreased by reducing the reaction temperature to 50” and by using 
a photometer cell with 2 mm path length. Go ml/h of water were pumped through the 
column and 42 ml/h of effluent were collected in five fractions which were freeze dried 
and stored below o”. A sample of each fraction was rechromatographed. 

RESULTS AND DISCUSSION 

Bio-Gel P-2 exhibited excellent properties for the separation of glucose, maltose 
and higher oligosaccharides up to eleven glucose units - Glc, to Glc,, - (Fig. 3). The 
sugars were eluted from the gel bed in a sequence of decreasing molecular weight and 
as expected the concentration of higher homologs decreased exponentially. 

Attempts were made to resolve higher glucose homologs on a Bio-Gel P-2, minus 
400 mesh column. Equal amounts of the five freeze-dried fractions from the 200 to 
400 mesh column (Fig. 3) were dissolved in water and the mixture injected into a 
column minus 400 mesh (t.5 x 127 cm).,With this gel oligomers up to a chain length 
of 13 glucose units were well resolved (Fig. 4). Products with a still higher molecular 
weight were excluded from the gel pores and appear within a single peak after passing 
the outer volume (V,) through the column. This fraction stains blue on addition of 
iodine. 
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Fig. 3. Separation of glucose and oligosacchariclcs synthcs&ccl by the action of E.cobi ML 30 on 
maltose. Bio-Gel P-z, minus 400 mesh, Gs” ; column 1.5 x IZ+ cm: clucnt, water; flow rata 28 ml/h. 
I?calcs GI-GI I = glucose to msltounclecaosc. 
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Fig. 4. Rechromatography of oligosaccharicles from Fig. 3 (see text) under same conditions as men- 
tioned there. HM = high molecular weight fraction. Outer volume, I/, = 2.58 11 x 28 ml/h 
= 72 ml. 

Degradatima with /3-amylase 
In order to prove the exclusive existence of a-1,4-glucosidic linkages, the oligo- 

saccharides synthesized +j’ the action of E. cc& cells on maltose were incubated with 
purified @amylase from barley in phosphate buffer (0.02 M, pH 6,5, 40”) before appli- 
cation to the column. Fig. 5 shows that the higher homologs were completely degraded 
within 2 h, maltose, maltotriose and glucos’e being the only degradation products. 
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Whenever other glucosidic linkages were formed by the cells in appreciable amounts, 
for instance 1,6 linkages, the degradation products (isomaltose and isolmaltotriose) 
would have been detected in the effluent as shown below. These findings agree with the 
results published by BARKER AND BOURN@ ~110 also established that only CC-1,4- 
linkages are formed by the action of amylomaltase. 

. . 
Relation of election vohmae to molecdar weight 

Separations of high molecular weight substances by gel chromatography are 
considered to be based on the exclusion principle, small molecules being able to diffuse 

01 , -- 
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Fig. 5, Oligosaccharides synthcsizcd by the action of E.coZi ML, 30 on maltose were degraded by 
P-amylase and chromatographcd as in Fig. 3. GI, Gz, G3 represent glucose, maltose and malto- 
triosc respectively. 9 ‘* 

Fig. 6. Semi-logarithmic plot of molecular weight of oligosaccharides VEYSUS relative olution volume 
(V,/VfJ). * 
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into the gel matrix, while big molecules are not able to do so, thus the small ones 
become retarded in the column. A consequence of this theory is the fact that the elution 
volume of a substance is inversely proportional to th#e logarithm of its molecular 
weightaB. As shown in Fig. 6 the logarithm of molecular weight is a linear function of 
elution volume. This, however, holds true only for oligosaccharides with more than 
four glucose units. Mono-, di- and trisaccharides do not At into this function and one 
might assume that a mechanism other than gel exclusion is the basis for the separation 
of sugars with mol. wt. less than 600. Experiments on this point are in progress 
and will be published later. 

Resolzltion of other carbohydrates 
Based on these considerations we tested the chromatographic separation of 

isomeric di- and trisaccharides. A solution of glucose, maltose and maltotriose, together 
with a mixture containing mainly isomaltose and isomaltotriose (c+r,6-glucosidic) 
from a degradation of dextran were injected into a “minus 4oo”-column. Fig. 7 
shows the resolution of the 5 sugars, though there is no difference in molecular weight 
of the two di- and the two trisaccharides. The incomplete separation of maltose from 
isomaltose may probably be improved by increasing the column length. Another 
example is shown in Pig. 8 where ribose, glucose, sucrose and raffinose are separated. 
The pentose is almost completely separated from the hexose although their molecular 
weights differ only by 30 units. 

Quantitative estimations 
Provided that the liquid flow through the monitoring system is kept constant 

by the use of precision pumps the method is suitable for the quantitative estimation of 
carbohydrates. As each peak width at half height is constant and independent from 
the amount of substance, the peak height, measured from the baseline should be pro- 
portional to the concentration. In Fig. g the peak heights are plotted against the 
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Fig. 7. Rcsolut;ion of glucose (GI), maltose (Gz), isomnltosc (i-Gz), maltotriosc (G3) and isomdto- 
triosc (i-G3) on Bio-Gel (conditions as in Fig. 3). 
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Fig, 5. Chromatography of a mixture of 3S pg ribose, ILO pg glucose. 125 pg sucrose ancl 85 lug 
raffinosc on Bio-Gel (conditions as in Fig. 3). 

Fig. 9. Calibration curves for cliffcrcnt sugars from their peak heights 
mesh. 

on Bio-Gel P-2, minus 400 

amounts of sugars, injected into an analytical column (1.5 x 127 cm, minus 400 mesh), 
For five different carbohydrates linear calibration curves were obtained in the range 
of IO to 100 /%g. 

CONCLUSIONS 

The results indicate that separations and quantitative determinations of car- 
bohydrates can be obtained using polyacrylamide gel chromatography. This technique 
permits direct analysis of sugars in biological materials without extensive preliminaries. 
Moreover, continuous practice is possible, because the procedure is not based on gra- 
dient elution and the column must not be regenerated, The sample is injected directly 
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into the stream of eluent without interrupting the process. In this way the analysis of 
a mixture of three sugar components can be achieved by applying a sample every go 
min to the analytical column, though the entire time for passing glucose through the 
length of the column amounts to about 400 min. We currently use this method to 
study the consumption of sugars by yeasts in common fermentation broths. 

In contrast to several other methods based on adsorption or ion-exchange the 
widths of peaks in gel chromatography are constant and independent of concentration 
and therefore quantitative estimations are possible on the base of peak height with- 
out integration, The use of distilled water as an eluent is another advantage because 
separated sugars can be obtained in pure form by evaporation or lyophilisation. 

Polyacrylamide gels are not attacked by the usual microorganisms and little 
care need be taken to provide for sterile conditions. A column, once packed in the 
manner described and handled with care gives absolutely reproducible results for a 
period of several months. 

Thus polyacrylamide gel chromatography of carbohydrates, being rapid and 
economical, offers a useful procedure equivalent or even superior to other usual 
methods. 
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