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SUMMARY 

Chromatography of borate complexes of sugars was carried out on diethyl- 
aminoethyl derivatives of glycol methacrylate macroporous gel, SpheronT” in borate 
form. The dependence of the separation of su_gzrs on the exchanging capacity of the 
ion exchanger was tested. Sugar mixtures were best separated on an ion exchanger of 
maximum capacity 2.2 mequiv./g. The effect of the molarity of boric acid as well as 
the effects of temperature, flaw-rate through the cohmm, and boric acid gradient on 
the quality of the separation were investigated, and expressed by resolution and effi- 
ciency values (number of theoretical plates) and also by elution volume. For chro- 
matography of the investigated mixture of sugars the following conditions were 
selected: buffer concentration 0.1 ikf, pH 8.5, temperature 50”, eluent flow, through 
a 500 x 6 mm I.D. column, 50 ml/h. 

The separation of a mixture of sugars on DEAE-Spheron under these condi- 
tions was compared with the separation on Aminex A-l 5. The separation efficiency for 
individual sugars was also compared on the basis of the number of theoretical plates 
achieved, and the values of un-reduced heights of the theoretical plates. 

Automatic analysis of sugars is an important aid in the investigation of 
macromolecules of biological origin (glycoproteins, glycopeptides) and in the analysis 
of hydrolysates of wood, pulp and paper. Separation is effected by gas-liquid, liquid- 
solid, liquid-liquid and gas-partition chromatography (GLC, LSC, LLC, GPC)‘-‘. 
The method of liquid chromatography (LC) on ion exchangers has two basic ap- 
proaches: partition chromatography of sugars, in which the sugars are distributed 
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between the ion exchanger and an aqueous solution of ethanols. or the .separ&ionof 
borate complexes of sugars (Boeseken’) on an anion exchanger in borate form. The 
latter method was ~introduced by Khym and Zill*llO- and deveLoped -by -KesIer”~ as 
rapid quantitative chromatography with further improvements and uses being 
published .by a number of investigators1L-*5. 

The papers on ion-exchange. ohromatography of borate complexes of sugars 
published .so far most often use ion exchangers with strongly basic groups of the 
quaternary ammonium base type. In this paper an ion exchanger based on a ticro- 
porous homogeneous matrix with strongly-basic groups (Aminex A-15) iscompared 
with another ion exchanger based on a macroporous structure carrying more weakly- 
basic &ethylaminoethyl groups (DEAE-SpherJn). The Spheron ion-exchanging 
materials were already tested for the separation of biopolymersl’j and technical 
enzymesl’. As shown in this investigation the DEAE-Spheron can be used under the 
conditions mentioned as a pa&n., ‘-r= for columns in automatic analyzers used for the 
separation of sugars. 

EXPERIMENTAL 

Materiah 
1 Weak to medium-basic ion exchangers of the. _DEAE-Spheron type were 

prepared in our laboratory according to procedures published elsewhereL6_ The start- 
ing Spheron P-300, exclusion limit 500,000 Daltons for polydextran, .diameter of the. 
most abundant pores 250 A and particle size 2Mpm, was a product of Lachema 
@mo, Czechoslovakia). The sugars, concentrated sulphuric acid and boric acid (all 
analytical grades) were from the same firm. Orcinol monohydrate (a-g.) was from 

Loba-Chemie (Wien-Fischamend, Austria). The strongly-basic .Aminex A-15, X-S, 
granulation 17.5 -& 2 ,um, capacity 3.2 mequiv./g (1.4 mequivJm1) supplied by the 
producer of the analyz&, was from Bio-Rad Labs. (Richmond, Calif., LJ.S.A.). 

Methods 
Preparation of Cohmn. Before use DEAE-Spheron was regenerated with 2 M 

NaCl, 2 M HCI, 2 M NaOH arid washed to neutrality. The 300 x 6 mm I.D. or 
500 x 6 mm I.D. column was packed with a suspension of the equilibrated ion ex- 
changer in the elution buffer at 25 atm, using the sfurry technique. Aft& isociati& 
elution the column packing was not regenerated. Between individuai experiments the 
column was equilibrated with approx. 800 ml of buffer at 50” and a 50 ml/h through- 
flow. Before the comparative experiments, the DEAE-Spheron column was washed 
with 800 ml of a 0.355 M borate buffer pK S-5, at a 50 ml/h flow-rate, then equilibrated 
as above_ The Aminex A-15 column was washed with 800 ml of a 0.61 M borate 
buffer, pH 85, at the same fiow-rate and also equilibrated with the elution buffer. 

Bu-rs, Sugar sohtihzs, detection reagent. For tihromatography on Aminex 
A-15, Mrate buffer of pH 8.5 was empltiyed (10.5 g of i-I,B03 and 42.0 g of Na&07 - 
lOH,O per 1). For chromatography on DEAE-Spheron, borate buffers were aIso used, 
the’ given moiarity of whictialways refers to boric aeid. -: .. .’ 

The mixture of sugars was prepared from stock solutions (10s2 M) in 5 % iso- 
propyl alcohol by diiution with water. Sugar mixtures (0.2 m.L)~containing~about 30 
pg of pentoses and 60 pg of hexoses were used for the injection into the-cohnnn~ The. 
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orcinol reagent for detection consisted of I g of orcinol in 11 of 85 oA HzSOJ stored in 
a -brown glass bottle at 4”, for a maximum of three weeks. 

Sugar analyzer. The chromatography of sugars was carried out on a modu!ar 
analyzer 71000 A produced in the Developmental Laboratories of the Czechoslovak 
Academy of Sciences. Tke variant used for sugar.analysis bad the following param- 
eters: a piston pump operating through a titration insert, a 200 ~1 injection loop 
for a 500 x 6 mm I.D. column at 50”, btier flow-rate 50 ml/h. An. aliquot of the 
eluate, withdrawn with a peris~ltic pump for calorimetry at 0.42 ml/l& was mixed 
with the orcinol reag&t introduced at 1.92 ml/h and stirred with bubbles of air intro- 
duced at 0.42 ml/h, The absorbance of the resulting solutions was followed using a 
flow-through- photocell at 420 nm. The degree of peak spreading in the detection 
system was determined by introducing 50~1 of a solution of saccharides into the 
stream of effluent from the column, with an injection loop inserted after the latter. 

The evaluation of the results was carried out on a computer, HP 9820, using 
known programmeP_ 

RESULTS 

Dependence of the separation of sugars on the exchanging capacity of ion exchanger 

A series of DEAE-Spherons of 0 .2,0.4,0.6,0.8, 1.2, 1.6,2-O and 2.2 mequiv./g 
capacity was prepared. Chromatography of a mixture of five sugars (trehalose, rham- 
nose, lyxose, ribose and arabinose) in borate buffers was tested on these derivatives 

. 

I 

Fig. 1. Comparkon of chromatogsaphic separation of five sugars in 0.06 M borate bufier of pH 8_5 
on DEAE-Sphexon of different capacities. Column 300 x 6.0 mm 1-D.. flo2o.~i_rate 43 &l/h. Vertical 
axis: record of absorbance at 420&n for the detection using orcinol-skphuric acid method, hoti- 
zontal axis: elution time in min. The ion-exchange capacities of individual pzckings ze given at 
corresponding zero lines. Other paramefers are given in the Experimental part and in the legend to 
Fig. 2_ c 



under comparab!e conditions. Fig. 1 illustrates the results achieved on the last four 
I a&on exchangers mentioned, with capacities from 1.2 to 2.2 meqzriv./g. The results of 

chromatography on anion exchangers of-lower capacity are not shown. Eiution 
volunies of -individual sugars~decrease almost linearly with decreasing ion exchanger 
capacity, until all the sugars are eluted as a single peak in the proximity of the hold- 

. -up volume of the column on an anion-exchanger of 0.2 mequiv_/g capacity. The 
observed linear dependence of the elution volume on the column capacity is in 
agreement with the equation describing the chromatographic behaviour of glycols in 
borate buffers on a strongly-basic anion exchanger r9_ From Fig. 1 it is evident that the 
best separation was achieved on the anion exchanger with the highest capacity (2.2 
mequiv./g). Further experiments were carried out on an anion exchanger with a 2.0 
mequiv./g capacity on a column increased from 300 mm to 5430 mm. 

Eflect of concentration of borate ions- 
The chromatography of individual sugars and their mixtures was carried out in 

borate buifers with varying concentrations of borate, at pH 8.5. The dependence of 
the elution volumes and resolution of some sugars on the borate concentration in the 
buffer is shown in Fig. 2. The dependence of the elution volumes on the molarity of 
the borate has a distinct maximum for the majority of sugars at 0.025 M conccntra- 
tion. Decreasing the borate concentration below this limit causes a steep decrease in 

*c 
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Fig. 2. Dependence of retention volume V, (ml) of individual sugars (a), and dependence of the reso- 
lution Rc (b) on the concentration of borate in the eh=tion buffer in chromatography on DEAE- 
Spheron. The retention volume is corrected with respect to the volume of the detection smem. The 
concentration of borate buffers is given in moles/l, pH was always 8.5. The capacity of DEAE-Spheron 
was 2.0 mequiv./g, pzrtick size 20-4Opm, column dimension 500 x 6 mm I.D.. temperature SO”. 
flow-rate through the column 50 ml/h, flow through ffie detector 1.93 ml/h of orcinol-suZphuric acid 
pius 0.42 ml/h of etfiuent from the column. The amount of individual pentoses was about 30 ,%g, of 
hexoses about 6Opg, in 200~1 of water. Symbols of sugars: Am = o-arabinose, Gal = D-galactose, 
Glc = ~-glucose, Lyx = ~Ayxose, Mao = mmannose,-Rib = D-ribose, Rha = ~-.-r~w Tre = 

trehalose, Xyl = D-xylose. The resolution is corrected for the peak sprezding in the detection system. 
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the retention of sugars .on the column, vhile increasing the borate concentration 
above 0.025 M also ieads to a decrease in the retention volumes of individual sugars. 
Below 0.15 M concentration the values of the elution volumes and the distribution 
constants forindividual sugars are &&ted by two equilibria: the formation of borate 
complexes .of sugars, and the equilibrium between the borate form of the anion ex- 
changer and its other forms. In both equilibria a decrease in concentration of borate 
redwes the concentrations of the components responsible for the retention of the 
sugar on the ~O~~IIIII. At a borate concentration. below 0.025 M this effect prevails over 
the displacing effect of borate ions. For molarities of borate higher than 0.15 M the 
decrease of elution volumes already begins to follow a linear relationship with the 
distribution constant and a reciprocal relationship with the concentration of borate 
ions in the elution medium. These relations were also derived from chromatography 
of glycols in borate buffers on a strongly-basic, fully dissociated, anion exchanger19. 

Fig. 2b shows the dependence of the resolution R, for four pairs of neighbour- 
ing sugars on the borate concentration in the eluent. Wmle for column efficiency 
&alculated as the number of theoretical plates) no distinct change with borate con- 
centration was found, the resolution for individual pairs is strongly dependent on the 
molar&y of borate. For the majority of pairs examined, the resolution decreases with 
increasing molar&y of borate. An exception is the pair ribose-arabinose where an 
opposite trend was observed. For further experiments the concentrations 0.1 M and 
0.15 M were selected. 

Eflect of pN 
The effect of the pH change on chromatography of sugars in 0.1 M borate 

buffers is illustrated in Fig. 3. Within the 8.0-9.0 interval a decrease of pH of the 

Fig. 3. Dependswe of retention volumes V, of sugars (a) and the resolution & (b) on pH due of. 
borate btiers (0.1 AN) in chromatography of sugars on DEAESphemn. The syrnboI.s for sugass and 
the conditions of chromatography are the same as in Fig. 2. 



42 
- 

elution buffer increases the ehtion vohmes of sugars (Fig: 3a) and also their resoh- 
tion (Fig. 3b). With the exception of the slowest among the tested sugars (kylose) the 
increase of Glution volume with pH decrease,- by one unit is nbt striki&_ At a lower 
pH, the time necessary for elution increases but a decrease in concatratio~~ of 

hydroxyi ions overlaps this unfavourable effect, because the possibility of destruction 
of sugars is decreased. Column efficiency,~ eakulated as the number of theoretical 
plates of the column, was not af%cted by pH change. A mild but clear increase in 
efficienq wicrh increased pH was observed for xylose only. For C&her experiments 
pH 8.5 was chosen. 

In th6 30-40” range the effect of temperature was observed on the elution 
volumes of sugars, the resolution and the column efficiency. A decrease in retention of 
sugars on the column wit.3 increasing temperature was noticed, while the resolution 
was only slightly affected by temperature (Fig. 4a,b). A decrease in retention is more 
pronounced when the temperature is increased from 30” to 40”, while a further in- 
crease in temperature only slightly decreases the retention volumes of the investigated 
sugars (Fig. 4a). An increase in cohunn ethciency, i.e. in the number of theoretical 
plates of the column, n,, was observed when the temperature was increased, due to an 
increase in the difksion rate of the solute (Fig. 4b). In view of the thermal stability of 
sugars, resolving power and coiumn efficiency, the 50” temperature was selected for 
further experiments. 
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Fig. 4. Dependence of elution volume VR (a), column efficiency, expressed by the number ilf thee- 
retical plates of the column, n,, and resolution Rc (b), on temperature in chromatography of sugars 
with borate buffers on DEAE-Spheron. Concentration of the bonte btier 0.1 M, pH 8.50, other 
conditions equal to those in Fig. 2. 
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Eficf of jkwrate 

In Fig; 5 the elution volumes of 6 sugars are plotted against the flow-rate. 
Chromatography on DEAE-Spheron was carried out at pH 8.5, a 0.1 M conceutra- 
tion of borate buffer, and 50” at a flow-rate of the elution medium varying from 106 

d/h cm2 to 3% ml/h cm’. With increasing -flow-rate the elution volume also in- 
creased, almost Iiuearly. Iathe case of the most rapid-sugars (trehalose and rhamnose) 
the relative increase in elution volumes is consi~rable. This is probably due to the fact 
that the dynamic equilibrium in the moving chromatographic zone is affected by some 
of the uumerous reactions of the -borate anion taking place iu the columu, as for ex- 
ample the formation of a complex with a sugar, or the binding of borate or the 
borate complex on the anion-exchanger. Some of the reactions can he so slow that 
they cau affect the retention of sugars at different flow-rates to a variable extent. This 
assumption is also confirmed by the behaviour of sugars on a DEAE-Spheron column 
during elution with linear concentration gradients of borate ions. 

v, 67-d) I i 
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Fig. 5. Dependence of retention voIumes of sugars Va in chromatography on DEAE-Spheron, on 
flow-rate, V. 0.1 M borate buffer, other conditions equal to those in Fig. 2. 

When the flow-rate was increased a decrease in column efficiency could be 
observed. This decrease is contributed to not only by the spreading of the chromato- 
graphic zone in the column but a!so by greater peak spreading in the detection 
system at a higher flow-rate. The curve of the dependence of the elution volumes of 
the sugars OQ the tlow-rate (Fig. 5) are almost parallel from the 145 ml/h cm2 rate; a 
decrea& in resolution, observed at higher flow-rates, is thus caused mainly by peak 
spreading. 

EfleGt of gradient 
The effect of linear concentration gradients -of borate ions on the elution of 

sugars from a DEAE-Spheron columu, and the effect of the combination of these 
gradients, was also investigated. In Fig. 2 the dependence of the elution volumes of 
sugars on the molarity of borate was plotted, and for molarities higher than 0.025 it 
was found that, with increasing molar&y, the elution volume decreases. With linear 
concentration gradients formed by two buffers from this region, and with a column 
Stabilized in the weaker, starting buffer, the sugars were always eluted with shorter 
elution volumes than would correspond to isocratic elution with a stronger buffer. 
The difference was dependent on the steepness of the gradient. Gradients from 0.025 
M up to 0.1 M concentration of borate, and gradients from 0.05 M concentration to 



0.075 M; 0.1 M and 0.3 A4 were tested. The retention of sugars in gradient ehttions 
with the above mentioned gradients increase d when the column was equihbrated with 
a buffer of a higher borate concentration than that in the starting buffer before elution. 
For the mentioned gradients; from 0.05 to 0.15 M and from 0.05 to 0.2 M, the 
stronger terminal buffer of the gradient was always used for the equilibration of the 
column before chromato_mphy. Fig. 6 shows the separation of 8 sugars achieved in 
150 min by this method. The application of various gradients during the separation of 
sugars on DEAE-Spheron may lead to an improved separation, but the use of a 
gradient can hardly counterbalance the other advantages of isocratic elution. In an 
isocratic operation it is easier to maintain constant chromatographic conditions and, 
mainly, it does not require a reequilibration of the packing after each chromate: 

_=phy. 
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Fig. 6. Chsxnatography of a mixture of eight sugars on DEAE-Spheron column with concentration 
gradients of borate btiers. The column was equilibrated with a bufier of 0.1 M concentration of 
borate, pH 8.5. The fkt stage of elution without a gradient (25 ml) with a 0.05 M buffer ~2s followed 
by two linear gradients, from 0.05 M to 0.075 M, and from 0.075 M to 0.1 M of borate. Other param- 
etes were identical with those given for Fig. 2. 

A mixture of 7 sugars (trehalose, rhamnose, mannose, arabinose, galactose, 
xylose and glucose) was separated under isocratic conditions with a 0.15 M borate 
buEer at’pH 8.5, 50” and a flow-rate of 50 ml/h. As shown in Fig. 7, separation was 
achieved in 135 min when a column equilibrated with the elution buffer was used, 
which makes immediate chromatography of a next sample possible. 

Weak to medium-basic DEAE-derivative enables elution of borate complexes 
of sugars with acceptable elutiori volumes at a lower ionic strength. From this point 
of view a. weak anion exchanger is more suitable than a strongly-basic derivative that 
requires a substantially higher ionic stren,@h, or gradients, because it bmds borate 
complexes much more strongly. 

Comparison of the separation eficiency of sugars 0~ DEAE-Spheron and Aminex A-15 
Both ion exchangers were compared in a separation of equal amounts of the 

same sugars under chromatographic conditions shown in Table I, and the eiution 
volumes of the slowest sugar (xy:ose) were practically the same (Fig. S): The values of 
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Fig. 7. Chromatography of a mixture of seven sugars using isocratic elution with a 0.15 M borate 
buffer. pH 8.5, on 2 DEAE-Spheron column. Other parameters are the same as those in Fig. 2. 

TABLE I 

CONDITIONS OF CHROMATOGRAPHY OF SUGARS ON AMINEX A-15 AND DEAE- 
SPHERON 

Cohnn packing 

Aminex A-15 DEAE-Spheron 

Capacity for small ions (mequiv_/g) 
Particle diameter ($10 
Length of ion exchanger bed (mm) 
Inner diameter of the column (mm) 
Column temperature (“C) 
EtBuent flow-rate (ml/h) 
Column resistence (2tm) 

pH of eluent 
Concentration of eluent (gramatom B/l) 

3.2 
17.5 f 2 

508 = 
6.0 

50.1 2 0.1 
49.u9.5 

5.8-8.0 
a.ao 
0.355 

2zO 
475” 

6.0 
50.1 f 0.1 
49.7-50.3 

1.5-2.5 
a.50 
0.100 

l Attheend ofaseries ofanaim at operatingpres~~re (~r@d length 517~1d. 

l * At the end of a series of analyses at operating pressure (original length 489 sum). 

the elution volumes, height equivalent to a theoretical plate values, the numbers of 
plates in the column, and the variation coefficients for the two latter quantities are 
given in Table II. 

Comparative chromatography could not be carried out in a buffer of equal 
concentration owing to very different elution volumes of individual sugars on DEAE- 
Spheron and Aminex A-15. The sequence of the sugars in the effluent from both 
columns was the same (Fig. 8). Sugars with lower distribution coefficients (especially 
trehalose and rhamuose) exhibit relatively greater retention on Aminex A-15 (with 
respect to the slowest xylose) than on DEAESpheron, their peaks are substantially 
broader, and therefore the column efficiency is in these cases lower on Aminex A-15 
(Table Ii). An exceptionally low efficiency was found for trehalose. The efkct of 
separation on Aminex A-l 5 increases with increasing elution volume. The determina- 
tion of the column-efficiency for individual sugars was carried out repeatedly (Table 
II) astd ‘it could be proved with a 95 % level of probabiity that the efficiency 6f the 
separation of sugars ou Aminex A-15 depends ou the retention volume of the sugars 
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Fig. 8. Comparison of chromatography of a mixture of six sugars on columns with (a) medium-basic 
macroporous ion exchanger DEAE-Spheron, and (b) microporous strongly-basic Aminex A-l 5. The 
parameters for both are s * d in Table 1. The column with DEAE-Spheron used for this deter- 
mination was packed under diRerent conditions from the columns used in preceding experiments. For 
the packing, the slurry technique was again used, flow-rate during the packing was 50 ml/h. 

TABLEIL ’ 

COMPARISON OF THE EFFICIENCY OF AMINEX A-15 AND DEAE-SPHERON FOR THE 
SEPARATION OF SUGARS BY ION-EXCHANGE CHROMATOGRAPHY WJTH BORATE 
BUFFERS 
Conditions of chromatographic comparison are given in Table I. 
7, re-‘cention volume, n, number of plates of the column corrected for the peak spreading in the 
detection system, v relative standard deviation (variation coeficient), E& height equivalent to a thee- 
retinal plate corrected for the peak spreading in the detection system, h, reduced height of the theo- 
retical plate. 

Sacclzmide Ion ex&anger 
Z.. 

& 
;%I 

t Hc & 
CClst) (mm) 

TrehaloSe AIUkX 16.0 57.3 5.2 + 8.87 552 
- Spheron 11.5 829.5 20.4 0.573 21.2 

L-Rhanmese Aminex 43.8 435.6 2.7 i- 1.27 68.8 
Spheron 22.8 727.4 3.7 0.653 -24.2 

lI-Mannose Axninex 58.5 658.2 3.2 - 0.772 45.4 
Spheron 35.7 7325 4.5 0.648 24.0 

D-Arabinose Aminex does not separate su%?cientiy from galactose 
Spheron 54.6, 457.6 .5.3 l_Q4 38.5 

D-GC+tose Aminex 80.8 7427 1.8 + 0.684 4&23 
Spheron 66.8 551.3 6.1 0.862 31.9 

D-XyIose Am&x 97.8 ‘$170 -m -5.4 f 0.434 25.5 
Spheron 94.1 611.9 2.9 0.776 287 . _ 

, 
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tested. WhenDEAE-Sphercn’was used the effzct of this factor on efhciency was not 
demonstrable even thoughdi@erences in cohrmn efhciency have been found for some 
sugars. The peak spreading in the detector during the elution of trehalose from 
DEAE-Spheron participates up to 46 % in the resulting peak width, which affects the 
error of measurement signi%antly. Therefore the values for trehalose and DEAE- 
Spheron in Table II are given with less reliability and were not plotted in graphs (Figs. 
2b4b). When the efficiency of the packings and the rates of flow are expressed in 
reduced quantities (Table II), i.e. in values which refer to the particle size of the 
packing;the higher eaciency of DEAE-Spheron in comparison with Aminex is quite 
evident for more rapid sugars. For a computation of the reduced quantities both 
values are usually used, i.e. both the mean particle size and the size of the hugest 
particles of a &en distribution. It was shown that the use of the second method is 
more correctzo. As both chromatographic materials were fractionated in different 
ways, we used the average sire of the particles (Aminex A-15 17 pm, DEAE-Spheron 
27pm) in the calculation of the reduced height of the theoretical plate hr. 

DISCUSSION 

The Spheron type ion-exchange materials have already been used for high- 
performance liquid chromatography of biopolyme# and technical enzymes17- This 
paper demonstrates that they are also suitable for chromatography of low-molecular- 
weight substances, such as sugars. For the chromatography of sugars in the form of 
borate compIexes the medium-basic ciiethyIaminoaiky1 derivatives are also suitable. 
The b&city of the diethylaminoalkyl group is sufiicient to achieve suitable values of. 
distribution constants in the chromatography of the complex at a lower molar&y of 
borate. The diethylaminoethyl group had certain advantages over the strongly-basic 
quaternary ammonium group, comprising its higher chemical stability, especially in 
alkaline medium where these ion exchangers are not degraded and do not lose part 
of their capacity after a period of use. Sugars in borate complexes are more weakly 
bound on DEAE-Spheron, which enables a !ower concentration of berates and an iso- 
cratic elution operation. The macroporous ion exchanger permits the use of higher 
through-flows and pressures owing to its mechanical strength, and the macroporous 
structure probably also partly decreases the mass-transport restrictions in beads, and 
this can increase the separation efhciency. 

From the results of the comparison of DEAE-Spheron and Aminex A-15 it is 
evident that the use of DEAE-Spheron permits a speeding-up of the analysis by a 
decrease of distribution constants without a decrease of efficiency, which is impossible 
on Aminex A-15 because of the low efficiency of this ion exchanger at low values of 
distribution constants. For some dissaccharides (saccharose, cellobiose, maltose and 
lactose) we observed that they are chromatographed on Aminex A-15 with the same 
low efficiency as trehalose, while the efficiency on DEAE-Spheron was the same as 
for other saccharides mentioned. 

CONCLUSIONS 

Sugars can be separated chromatographical~y in the form of borate complexes 
not only on ion exchangers with quaternary ammonium groups, but also on more 



weakly-basic itin exchangers. ft was denoxtstmted that both the weak:to me&urn- 

basic groups of DEAE-Spheron and- its macroporous structure, may be ‘of some ad- 
vantag& for chromato&raphy of borate complexes of- sugars, and therefore it can _be 
used as a packing for automatic analyzers of sugars. .- 

- _ 
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