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GET, I’;ILTRATION OF OT~IGOSACCHARIDES ON CROSS-I~INKISD 
STARCH. AND CI~I,LUI~OSlS 

(l<ccoivctl .I’~clm~m-y ~5t11, 197 I) 

SUMbIARY 

Cross-linking of microcrystalline cellulose and starch with epicl~lorol~yclrin 
under alkaline conditions afforded gels suitable for gel permeation cl~romatograplly 
of oligosaccharides. Successful separation of a mixture of mono-, di-, and trisacclla- 
rides using water as a mobile please sllowed tllat star& modified in the described 
manner is an escellent gel permeation material. Although the cln-omatographic 
properties of the cellulose gel under investigation were comparable wit11 those of 
otller cellulose gels used for gel permeation chromatography, a complete separation 
of a monosaccharide from a trisaccharide could not be obtained. 

INTRODUC’rION 

Ever since PORATH ANI> FLOIXNI-~~ carried out, for tile first time, gel filtration 
on polysaccllaricles using destran cross-linked wit11 epichlorohydrin, this technique 
lias been widely used as an important means of. fractionation of various substances. 

Several types of cross-linked destran, ivith different degrees of swelling, both 
in water and organic solvents are on the market under the trade name Sephades. 

DETERMAN at al.3 tried to use cellulose gel for gel permeation chromatography 
(GPC). He precipitated cellulose from a Sclnveizer’s solution with benzoic and acetic 
acid and obtained a solicl, chemically stable gel in the form of spherical particles, 
diameter 0.03-0.3 mm, However, this gel with a pore diameter, in water, of some 
l~unclreds of nanometers, is only suitable for GPC of substances wit11 a molecular 
weight in the range Io4-10’. 

MARTIN ANI) ROWLAND~ observed tllat the cross-linking of cellulose wit11 
formaldehyde decreases the permeability of large particles and, at the same time, 
improves tile separation of low molecular weight substances. Tlley cross-linked 
decrystallizecl cellulose wit11 formaldel~yclc ancl obtainccl a gel suitable for GPC of 
oligosaccliaricles of molecular weight up to 10”. 

Oligosaccl~aricles in tlie molecular weigllt range of Io8--xcP were selk%tecl on 
starcll gel for tile first time by I,ATHT’: ~\NI> RU-I’HVI:N~~ ~110 used a column packing of 
maize starcli. 
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The most advantageous way in which cellulose and starch may be modified 
in order to acquire gel permeation properties is obviously cross-linking. Epichloro- 
hydrin proves to be a suitable cross-linking agent. 

The purpose of the present work is to compare the gel permeation properties 
of cross-linked microcrystalline cellulose, cross-linked starch and Sephaclcs G 15 
with one another. 

EXPERIMENTAL 

Two supports used in this work, CE (cellulose gel) and SE (starch gel) llave 
been prepared by cross-linking microcrystalline cellulose and potato starch, re- 
spectively. 

Cn; th calZzcZose gel. The cellulose gel was made from microcrystalline cellulose 
according to ref. 6. Microcrystalline cellulose was made alkaline in an inert solvent 
and treated, under stirring, with epichlorohydrin. The molar ratio of the components 
was cellulose-sodium hydroxide-epichlorohydrin, I : I :0.5. The cellulose modified in 
this manner contained approximately 0.4-0.45 hydroxypropyl bridges per one D- 
glucose unit. The most suitable fraction (0.06-0.1 mesh) was obtainecl by sieving. 
The volume of gel swollen in water was 3.4 ml/g (ref. 7). The flow rate through a 
layer of IO cm, at a pressure of 500 mm H,O, was 150 ml/h oz. 

SE: the starch gel. This gel was prepared by cross-linking potato starch under 
alkaline conditions according to ref. S. The volume of gel swollen in water was 2.5 
ml/g and the flow rate through a IO cm layer was 200 ml/h cm”, at 500 mm H,O 
pressure. 

Fig. I.Dcpcnclcnce of the tnolccular weight of oligosacchnriclcs ant1 dcxtmns upon clution VO~UII~CS 
of various @As. Colun~n G cm% x 78 cm. X = u-xylosc; G = u-glucose; I^< = rnffinosc; C = 
cellobiosc ; -t_ = Scphnclcx G-IS; 0 = SIC; A = CE. 
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G-15. A commercially available product of bed volume 3 ml/g, 
was used. 

The gels were tested in a simple apparatus” wllich comprised a glass column 
closed with a teflon piston. The concentration of the effluent was determined using 
a differential refractometer (Waters, Model R-4). The solvent was supplied by means 
of a Waters’ pumping system. Column dimensions were G cm0 x 7s cm and G c:1n3 x 
156 cm, respectively. 

The columns were packed by allowing the swollen gel to settle’ at an alxolutc 
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Fig. 3, Elution curve of a mixture of raflinosc, ccllobiosc ancl I>-glucose on Cl-,. Column C cm2 X 
78 cm. I< = rnfiinosc; C = ccllobiosc, C; = I>-glucose. 

J. Cllm~lntogv,, 59 (1971) 7945 
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effluent flow rate two times larger than that at elution. Several series of experiments 
were carried out using ~-glucose, D-XylOSe, cellobiose, raffinose and four fractions of 
dextran of mol. wt. 9300-167 ooo (determined viscosimetrically). When the shorter 
column (length 78 cm and the total bed volume 478 cm3) was used the sample was 
injected at a conc&ntration of each of the components of 4 mg/ml either separately 
or in various combinations (Figs. 2-5). In esperiments on the longer column (total 
bed volume 935 cm3) the sample concentration was doubled. The volume of the 
injected sample was 2 ml in every case. 

RESULTS AND DISCUSSION 

In all experiments symmetrical elution curves were obtainecl. The gels were 
tested by plotting log M against elution volume V, which was linear over a certain 
range (Fig, I). As elution volume the one was taken at which the elution curve 
reached its maximum. The elution volumes remained constant regardless of tile 

I.+. 4. Elt~tion curve of a. misturc of raflinosc nml u-glucusc on SIC. Colu~nn 0 cm’ s 7S cm. IZ. 
raffinosc; G = u-g111c0sc. 

combination of components in the sample injected, o.g., individual components, a 
mixture of two (raffinose and D-glucose, Figs. 2 and 4) or three components (raffinose, 
cellobiose and D-glucose, Figs. 3 and 5). Tllcse espcrimcnts were carried out on tile 
78 cm column. 

It follows from the above that modified starch lins tlie best separation proper- 
ties over tile range of molecular weight under investigation and obviously, also the 
most advantageous distribution of pores. As standard oligosaccharides of molecular 
weight in the range 7 l 102 -9.103 were not available, no conclusion as to the range 
over which the dependance log M ‘OS, ‘I/, is linear could be made, We presume, how- 
ever, that extrapolation up to log Al a 3.2 may be done; i.e., a satisfactory sepa- 
ration of oligosaccharides up to molecular weight A1 E 1200 should well be pbssible. 

. The elution volume of high molecular weight destrans, which can be consiclcrecl 
virtually excluded from the gel pores, is given by the interstitial volume V,, and thus 
it is useless for separation purposes. Its value depends both on the conditions of 

J. Cirrot)ratogi,, 59 (1971) 79-85 
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Fig’. 5, Elution curve 01’ n niisturc of raLf’finosc, ccllobiosc wcl ~bglucosc on SIG. Coluni~i 6 ~1112 x 

column packing and on the size and sliape of the gel particks. As in tile course of 
our work the experimental conditions remained uncl~angcd, the shape of the particles 
turned out to be the determining factor. The comparative data are summarized in 
Table I where 17, is expressed in per cent of the total bed volume VL. It is obvious 
that the spllerical particles of Sephades G-15 give the lowest and rod-shaped cellulose 
the highest VO. 

Let us now compare the slopes of the linear parts of the calibration dependence 
log A/r VS. V, for three different gels (Fig. I). Lowest separation efficiency is shown 
by the cellulose gel while best results can be obtained on starch gel (c$ also Figs. 2-5). 

The shape of the calibration dependence log M vs. Vc for starch, in the region 
of 4 ( log Al ( 5, shows that here the large pore volume is not quite negligible. 

Iw1212swrIa VOLU~ZE ox: GELS WI*ITI J~IL~~I~~~LY s~-I~i*m> ~~iwrlc~i:s 
_... . ..-__._.-._...__....._....-_._.. _..._....._...._.. . .-._. __ .-... ..-._.._._...--...--......I_._~._ . . . . .- . . ...........I -. . . . .._ 

GCl .Slra.jx I,‘,, 
, 

(ml) ;g, 
_ . _ . . ., . . . . .._.......__..... . ^_._ _ .._ - ._..... . _.-. .._._.... .-._- .--.. - ..--. ---.-. _ -.. 

Scpl1nclcs c-1 fj 
StiLrCll cross-linlcccl with cpiclilorol~ydrin (C,) 

Ccllulosc cross-linlwtl with cpichlorol~yclrin (Cl<) 

Spherical 

Irregularly OVill, 

"potato-sl1apccl" 

l~c&sllapcrl 
_____ ,. ,_______. .____ _ __.._,. ._ . .._ _ ._._._...._ _ ._._ ._ . . ,. .._....__........__ . ,... _.._.. .._..... _ _ _ . . 

‘However, tlie selectivity of tile gel over this range of nlolccular weights is very low. 
On the other hand, over the lower range of molecular weights, using an adequately 
long column, complete separation of the components under investigation was ob- 
tained (Fig. 6). 

In Table II, some of our results are compared with those of hhltTIN ANI. 
RO~LANI~* obtained on non-modified decrystallizecl cellulose and on cellulose cross- 
linked with formaldehyde containing up to 5,20/o of formaldehyde. Here we give the 
differences expressed in terms of ‘recluced elution volume Vrcd = VC/Vt of two 
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Fig. 6. Blution cllrvc of a misturc of rnflinosc, ccllobiosc and D-glucose on SIG. Colunin G cm2 :x 
I 56 cm. 1s = raflinosc ; C = ccllobiosc; G = D-glucose. 

fictitious substances of mol. wt, 100 and 1000 obtained by extrapolation. Reduced 
elution volume, since it is independent of column size (as long as this is not estreincly 
small) can be a useful criterion of comparison of the separation efficiency of individual 
gels. 

Concluding, starch cross-linked with epichlorohydrin is well suited for sepa- 

THE DIP1~lERENCES IN REI~IJCI~I:, ELUTION VOLUMILS ( bvrecl) ” 01’ SUl3S’I’ANClbS \\‘IT11 MOL. \VT. == 100 

AND 1000 AS l>OUND liOR VARIOUS GELS. 

. ..---.-.--- ._-. --___c.-_- ._-...... .-- ..-. .-.-.. -_-. . . .-..-.-..._.- ..-._...-.I.. . . . . . . ..-..r- .__. -- ..__ __..._._. _ 

Scphnclcs c-15 O.IS2 
Starch cross-linlcccl with cpicl~lorohyclrin (Sle) 0.185 

Ccllulosc cross-linlaxl with cpichlorol~yclrit~ (CJG) 
Ccllulosc cross-linltccl with forInalCk?llyclc’J 

0.141 

Non-modificcl powclcrccl ccllt~losc~ 
o.r$3 

0.070 
.------ ----- ..-_---A..---,-- . . - ____.__.-..-.-_.. --_. _...... -. . 

a 1,. t.cl~ = I’,/ lie, whcrc If, is cluticxi volunic and I/‘L the totul volu~nc. 
lJ Crdculation according to results of ivl~\~~Is ANII I<owLAN~~~. 

ration of oligosaccharides, on the other hand the separation properties of a gel based 
on modified cehlose is not very good, This may, however, be associated with tile 
larger interstitial volume V,, caused by rod-shaped gel particles (Table I). The proper- 
ties of CE and tli& of cellulose cross-linked with formaldehyde”, as shown in Table I I, 
are approximately the same. 
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