
JOURNAL OF CHROMATOGRAPHY 

cHRos;I. 5243 

GEL PERMEATION CHROMATOGRAPHY OF MALTOOLIGOSACCHARIDES 

AT DIFl?ERENT TEMPERATURES 

HANSWJZRNER DELLWJ~G, MTCI-IAEL JOHN ANI> Gti-IX TRENEL 

Lcl~wslrrl~l filr Gitrungstecl~nologie dw TU Berl,in ~umd I?astitut fib G&wzgsgswc~~bc mzd Biotcchnologic, 
I Bcvfin Gg, Scestrasse rg (G.F.R.) 

(Received December’ 1gt11, 1970) 

SUMMARY 

The separation of maltodextrins (glucose to maltoheptaose) on polyacrylamide 
gel has been studied at various temperatures. A negative temperature dependence of 
elution volume was established so that the distribution coefficients decreased with 
increasing temperature. This peculiarity gives rise to a negative enthalpy for the inter- 
acting effects between solute and the gel matris. 

INTRODUCTION 

Gel permeation chromatography is a useful method for the separation of mole- 
cules according to their molecular size. This method has often been used to infer the 
molecular weight of an unknown substance from its elution volume. In most practical 
cases the logarithmic relation between elution volume and molecular weight is applied 
as reported by DETERMANN AND MICHEL l. This relation is based on experimental 
results with polysaccharide.9 and with polypeptides 3--8. The theoretical background 
is the concept of restricted diffusion of solute molecules within the gel phase0 and 
their esclusion from the gel matrix, respectively’. 

Both these models lead to the common expression 

I< = const. - con&. 1 log M, 

where IX is the partition coefficient and M the molecular weight of the solute. 
According to these concepts the elution volume of a given solute would be es- 

petted to be independent of temperature. This has, indeed, been established by 
MOORE AND HENDRICKSONS, who studied the separation of polystyrols and poly- 
ethyleneglycols in a polystyrol gel with toluene, tetrahydrofuran and tetralin as 
solvents. In a previous paper we described the separation of low molecular weight 
maltooligosaccharides (maltodextrins) on polyacrylamide gelD. We also obtained a 
linear function between the logarithm of the molecular weight and the relative elution 
volume. This relation however only proved correct formaltodextrins with more than 
four glucose units, and the lower members did not fit on the straight line. 

Furthermore we observed the influence of temperature on the elution volume, 
leading to an improvement of the separation effect at an elevated temperaturelO. 
In the meantime a set of experiments were therefore started in which the temperature 
effect was investigated and the results are described below. 
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Recently HJERTBN~~ presented a calculation for partition experiments, based 
merely on thermodynaniic considerations without any assumption about the sep- 
aration mechanism, According to his conclusions non-coiled chains in l~on~ologous 
series of low molecular weight compounds should conform to an expression in which 
the logarithm of relative elution volume depends linearly on the molecular weight. 
He showed that cur data fitted Very well with his equation. 

ESPERIMENTAL 

The prepamtion of the maltodestrins from maltose using amylomaltase 11as 
been described earlie?. Dextran zooo (Pharmacia) was added for the indication of 
vO. 20 ~1 of a solution containing a total of 2 mg of maltoclestrins were appliecl to 
the column for each run. 

Polyacrylamide gel (Bio-Gel P-2, nzi722cs 400 mesh, Lot. No. 3397) was fraction- 
ated by repeated settling ancl decanting the fines, and packed into a column (1.5 x 
200 cm). The upper encl of the column was sealed by inserting a flow adaptor, so that 
the total volume (T/t) was the same at all temperatures (= 362 ml). Distilled water 
was pumped through the column at a constant flow rate of 25.0 ml/h. The pressure 
rose to about 2 kp/cm 2. Application of the sample through an injection port and de- 
tection of the carbohydrates with orcinol sulphuric acid using an automated analyzer 
have been described in detailD. 

The column was preequilibrated for at least 12 h at the appropriate temperature 
prior to application of the sample. Each experiment was performecl twice, the de- 
viation of elution volume within two identical runs being in no case more than 1.5 ml. 
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Fig. I'. Separation of glucose and rnaltodextrins, synthcsizecl by the action of E. coli ML 30 on 
nmltosc. Bio-Gel P-z, minus 4oo’n1csl-s, 65”; column 1.1 x zoo cm. 
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RESULTS 

A typical elution diagram is shown in Fig. I. The outer volume VO is indicated 
by the peak of excluded dextran. The inner volume Vi was estimated by separate runs 
with ribose and erythrose, by water regain of the dry gel and by extrapolation. Prom 
these results the volume of the dry gel matrix V,, was estimated as 54 ml at 20~ and 
56 ml at 70”. 

. . 

600 - ‘. 
500 - ‘-m’ 

‘\ 

600- ‘h 
‘. 2 

300 - . . ‘\ \ \ \ \ 
200 - ‘if \ 

100 ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ 
1 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 

4&J 

Fig. 2. Semi-logarithmic plot of xnoleculrrr weight of nmltoclcxtrins VCJ’SZIS relative clution volume 
(VC/V,). These results were 0btiLinecl two years ago0 with a much tighter packed gel colu~nn. So 
they are only quditativcly compnrablc to the results prcsentecl in this paper. 

Fig. 2 shows a semi-logarithmic plot of molecular weight ~6~sZt.s elution volumes 
at 60” from former experiment@. 

The elution volumes ‘Ir, at different temperatures are presented in Table I. 
The I’ values denote the portion of the inner volume, which is available for diffusion 
of the respective compound. 

V e = V/o + K-V/( 

(1) 

As may be seen from Fig. 3 the values of - log I< ~~~21s molecular weight are in 
quite good agreement with a linear function in the temperature range of 20’ to 70”. 
Using the form of equation proposed by HJERTI?N~~ 

-log K = Cl-M + co (2) 

where M is the molecular weight, one can estimate the constant C1 as the slope of 
the straight line and C, as the ordinate at the origin (Table II). 

J. Chromutop., 57 (1971) 89-97 
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Several l~ypotl~escs have lxen proposecl. to esplahl the molecular sieving effect 
of polSra,crg’lalnide gels 12. One concept woulcl be a. partition of tile solute lxtween the 
nlobile please a.ncl the entire gel phase as stationarv phase. For this concept the EoL1’z- * 
arnsx eqU:LtiCm ~a.11 be applied &orChg to ~~R~NsTlsD1~ 

(3) 

in which K is the distribution axdicient, 1~ the I>Jola7mrl-mx constant and 3, an es- 
pression proportional to the molecular size, From eqn. 3 one would expect the constant 
C,, (ecln. 2) to be the logaritlm~ of the distribution coefficient for M = 0. I< vdues 
are incleecl very close to unit): (x.01 to r.og). 

If the partition concept is to lx valid, one slioulcl expect a ten~perature cle- 
pcnclence of Ii’, this means, V, slioulcl be greater at 11igllcr temperatures. The opposite 
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effect is shown by our experiments however and the slope C, increases nearly propor- 
tionally with increasing absolute temperature (Table II). The change in free energy, 
AGO, which occurs when one mole of the solute is transferred from the mobile phase 
to the solvent within the gel particles is 

AGO = - RT+ In K (4) 

Taking into consideration some kind of interaction of the solute molecules with the 
gel matrix one has to expect an enthalpy effect which is related to free energy by the 
equation 

AGO = AH" - T-AS0 (5) 

Combining eqns. 4 and 5 results in 

AS’ 
-lnK=$HG-F, (6) 

-log Ii: should therefore be a linear function of the reciprocal of the absolute tem- 

-LOG K. 
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Fig. 4, Pldts of - log .K VCYSUS reciprocal tcmperaturc for nxtltooligosncchariclcs of difl’crcnt chain 
lengths. 
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perature. This is demonstrated in Fig. 4, in which the I< values of Table I are plotted 
against I/T in a semilogarithmic scale. The slopes of the curves, 

were estimated by regression calculations with the aid of a Wang computer (Table 
III). 

SLOPES OP THE CUllVJES PJ<OM Fig. 4 

Saccltaride A/I d (log Ii) /dll 

Glucose 
Maltose 
ivlaltotriose 
Maltotctraose 
Maltopcntaosc 
ivlaltohcxaose 
LMMnltohcptaosc 

r80 - o.SG* x0-4 
342 - 3.32’ IO-’ 

so4 - 6.61 m 10-4 
GGG - 9.09’ x0-4 
828 -11.51~10-~ 
990 - 13.52’ 1O-4 

x152 - 15*78* IO-” 

The temperature dependence of log K points to a negative enthalpy or an inter- 
action between solute and gel phase which increases with increasing molecular size. 

AH” can be estimated from eqn. 6 by differentiation 

cl (In K) AH” 
---=-- 

ClT RT” (7) 

with AN o = d (log K)/d T.4.075.1oG (cal.mol-lj at 2~~. dG” can be found from 
eqn. 4 and AS” from eqn. 5 and the values are presented in Table IV. 

TABLE IV 

TEIEI<MODYNAMIC PARAMETEI~S OF MALTODEXTIIINS ON DIOGEL P-2, AT 25' 

10’ 
(25 “1 

AG” AG”/DP” AH” AIf o/IP~ AS” 
(cal * nt01-~) (cal. mol-1) (cal*moZ-l*dcg-1) 

Glucose 0.892 + 68 i-68 - 35 -35 -0.35 
Maltose 0.795 i-134 i-67 -135 -67 -0.90 

lMaltotriose 0.713 + 200 -l-67 -2Gg -90 - I.57 
Maltotetrnose 0.635 _tzGY A-67 -370 -92.5 -2.14 
AMaltopentaose 0.562 +341 -t-G8 - 469 -94 -2.72 
Mdtohcxaose 0.499 -1-412 -t-s9 -551 -92 -3.14 
Maltollept~ose 0.442 +484 +69 - G42 -92 - 3.78 

‘k IC values for 25O have been calculated from Fig. 3. 
b AG” or AH” cliviclccl by degree of polymerization. 

J. Clwomatop., 57 (1971) 59-97 
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Dividing AH” by the number of glucose units (DP degree of polymerization) 
within a maltodextrin chain we obtain increasing negative values for the first 3 
members, indicating that the interaction with the gel matrix, which is brought about 
by the addition of a glucose unit first increases with growing chain length, but starting 
with maltotetraose remains constant. Furthermore the A log I< values between con- 
secutive members of the homologous series are nearly constant leading to a constant 
difference in BG” values. Table IV shows that the free energy for each glucose-unit 
added is almost constant. According to R/IARSDEN l4 this result is consistent with the 
assumption, that the free energy for the transport of a polymeric molecule from the 
mobile phase to the stationary phase is the sum of the free energies for the transport 
of the single units. 

The linear relationship between log Ir’ and molecular weight is not usual in gel 
chromatography of proteins. However HOHN AND POLLMANN~~, working on separation 
of oligonucleotides of thymidylic acid on Sephadex G-25 have proved the validity of 
such a relationship. With nucleotides, however interactions with the gel phase do 
indeed exist. H J ERTIZN 11 has pointed out that there are distinct differences between 
low molecular weight, non-coiled chain molecules such as maltodextrins and globular 
polymers such as proteins. The former should obey eqn. 2, where C, is a constant (at 
a given temperature) for isochemical substances in a homologous series. That this is 
only true for isochemi.cal compounds was found in our former experiment@, in which 
maltose (a-r,4-glucosidic) was clearly separated from isomaltose (z-1,6-) and malto- 
triose from isomaltotriose. Compounds with a-1,4-linkages are not isochemical with 
compounds containing a-I,G-linkages. On the other kand maltose and sucrose cannot 
be separated on Bio-Gel P-2. 

The temperature dependence of the elution of maltodextrins from polyacryl- 
amide gel is in contrast to the results of several authors, who have mentioned that 
the elution volume is essentially independent of temperature (c$ ref. 5). LEACH AND 
O’SHEAG, separating high molecular weight proteins on Sephadex G-200 observed an 
increase of T/, with increasing temperature (25 O and 40~ respectively). Their values 
are not comparable however, because they had increased the ionic strength of the 
buffer which is also known ,to slow down the elution 3, Furthermore these authors 
stated that “the peaks were broader at the higher temperature”, in clear contrast to 
our observationlo. On the other hand WHITAICER~ has observed a decrease of elution 
volume for proteins on increasing temperature from 3.3 to 25”; BROWNS,” has recently 
published results on the separation of cellodextrins on polyacrylamide gel P-2 which 
are in very good accordance with our observations. This author would also obtain 
straight lines if log Ii: is plotted against molecular weight. He also has observed a 
decrease of, ve with increasing temperature and he has drawn essentially the same 
conclusions as we did. 
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