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CHROMATOGRAPHY ON ECTEOLA-CELLULOSE AT 

NEUTRAL pH VALUES 

INTRODUCTION 

In a series of ax-tick+-3 we described the chromatographic separation of fibrinogen 
and the anti-haemophilic factor (AHF) from human plasma. Most of the experiments 
were carried out on columns of ECTEOLA-cellulose, but DEAE-cellulose has also 
been used. The AHF was our main interest, and it was in order to obtain better yields 
and a purer product that we were obliged to investigate the chromatographic 
process in detail, This investigation revealed several peculiarities of ECTEOLA- 
cellulose (and to a certain degree also of DEAE-cellulose) with regard to properties 
and behaviour, and about the way to handle it. It is with these peculiarities that this 
article will deal. 

ECTEOLA-celladoses 
MATERIALS AND METHODS 

ECTEOLA-celluloses of various capacities were prepared as described earlier”. The 
types, most commonly used, had capacities of 0.36-0.41 mequiv./g. 

The following buffers were used : 
(a) Imidazole-chloride buffers: 0.02 M irnidazole, containing NaCl in various 

concentrations, dependent on the type of experiments, neutralized to pH 6.9 with 
IO y0 HCl. 

(b) Imidazole-bromide buffer: 0.02 M imidazole, containing O.SLW NaBr, was 
neutralized to pH 6.9 with IO O/O HBr solution, freed from Br, with a trace of 
Na,S,O,. _. 

pr3 vat?acas 
These were measured with a Radiometer pH-meter, model 22, with external meter. 

Fraction I, containing fibrinogen, AHF, and a variety of globulins, was precipitated 
from BaSO,-treated osalated human plasma at S % ethanol concentration, according 
to COH@. It was the starting product for the chromatographic purification of AHF. 

l I-lead : Prof. Dr. S. VAN CREVELD. 
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For a better understanding of this process we will summarize here the principles 
along which these experiments were carried out. The precipitated fraction I was 
dissolved in 3/5 the original plasma volume of imidazole-chloride buffer. This solution 
was chromatographed on a column of ECTEOLA-cellulose (Cl-cycle), the column was 
washed with the same buffer, and, after fibrinogen ancl the bulk of contaminating 
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proteins hacl been washed out, the adsorbed AI-IF was elutcd by displacement 
inlidazole-brornicle buffer. Fig. 1 gives an esample of a typical esperiment. 
further details see ref. 6. 

I3SPEr~IBIENT.4J, AN-D R15SULTS 

with 
For 

(a) During the regeneration of the columns an important variable in the procedure, 
i.e. the reconditioning, was noted. After completion of a chromatographic run the 
column was washed with o.5N NaOH until the effluent was strongly alkaline. In 
most cases recycling to the Cl-form was carried out by passing imidazole-chloride 
buffer through the column until the pH of the efi-luent eclunllecl that of the buffer 
itsell. The column Lvas then considered ready for use. Columns thus treatecl gave 
yields varying from IO to 50 %. In some cases the regeneration was carriecl out with 
alkali followed by 0.5.22~ MCl, ~LIML tile column xvas subsequently equilibrated with 
imidazole-chloride buffer. This invariably resulted in a very low yielcl of AHF. We 
therefore decided to use only o.5AV NaOH for the regeneration and to wash the columns 
with water until the pI-I of the efl-lucnt \vas practically neutral before the ecluili- 
bration was started. 

(b) The equilibration proved to be one of the most important variables of the 
process. 7l’his is clear from the following esperiments: rcgeneratecl and washed 
columns were equilibrated with increasing amounts of imiclazole-chloricle buffer and 
used in the chromatographic preparation of Al-IF. As will. be seen from Table I, clear 
optima in the equilibration were found which gave maximum yields of AI-IF. 
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(c) From the foregoing, it can be concluded that the ECTEOLA-cellulose should 
not be converted completely into the Cl-form, and that some of the OH-ions should 
remain unsubstituted, in order to obtain satisfactory isolation of AI-IF. This could be 
verified by measuring the pH of all the effluent fractions during a chromatographic 
run, Fig. 2 shows the rise in pH following the shift from imidazole-chloride to -bromide 
buffer during a regular preparative run. 
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Statistically it was found that a quantitative yield of AHF was only obtained 
when the pH rose from 6.9 to about 7.35-7.40. By titra.tion of all the efi-luent fractions, 
the amount of alkali liberated in this “pH-peak” was calculated as 6-7 o/o of the total 
capacity of the ECTEOLA-cellulose in the column. 
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Fig. 2. Change of pI1 following the shift from imidazole-chloride to -bromide buffer. 

The dimensions of this effect must in general be governed bv : 

the amount of ECTEOLA-cellulose in g/column ; ” 

the’ capacity of the ECTEOLA cellulose in mequiv./g ; 

the total amount of buffer used for equilibration and for washing the prepara- 
tion through the column; 
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Fig. 3. Changes of pEI following the shift from imiclazolc-chloride to -bromiclc buffer unclcr various 

conditions of clution on ECTEOLA-ccllulosc of 0.19 mcquiv./g. 

(4) the anion concentration of this buffer; 
igi it; af3inity for the ion-exchanger7; 

e 

(7) the 
(8) the 

(9) the 

concentration of the displacing anion ; 

affinity of the latter towards the ion-eschanger; 
buffering capacity of the eluents; 
very great affinity of OH-ions for ECTEOLA-cellulose’. 
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Fig. 4. Changes of pl-I following the shift from imiclazole-chloriclc to -bromiclc buffer under various 
conditions of elution on ECTEOLA-cellulose of 0.q1 mequiv./g. 
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This effect was investigated during regular chromatographic runs on two cliffer- 
ent types of ECTEOLA-cellulose for the shift of Cl- to Br-ions, at four differ&t con- 
centrations of the latter, and at three different buffering capacities (see Figs. 3 and 4). 

(cl) That some of the OH-ions of the ECTEOLA-cellulose remain in the column is 
due to the fact, already indicated earlier”, that the rate of ion-exchange by ECTEOLA- 
cellulose in the range of pH 5-S is very slow. This accounts for the fact that relatively 
large volumes of buffer of sufficient concentration must be used to convert the ion- 
eschangcr completely from the OH-form into the desired form at neutral ~1-1 values*. 

That OH-ions are tenaciously retained by the ECTEOLA-cellulose during the 
equilibration and chromatography was demonstrated in the following manner : a 
column was regenerated with ‘alkali and washed with water until neutral in the usual 
way. It was then equilibrated with imiclazok-chloride buffer to which phenol red 
was added. After the passage of 300 ml bu%fer solution of ~1-1 6.91 the effluent was 
yellow, and had a pH of 6.92, whereas the column itself was red. After the passage of 
another 150 ml of buffer containing phenol red the colours were still the same. Since 
AHF determinations were not impaired I>?; the dye, the column was used for the 
chromatography of fraction I, and washed with buffer containing phenol red; AI--IF 
was then elutecl by displacement with imidazole-bromide buffer containing phenol 
red. Immediately after the shift to bromide, a dark red ring started passing through 
the column. In front of the ring the column remained reel, behind it the column 
was yellow. Fig. 5 gives a picture of this esperiment. 

(e) Well-equilibrated columns could not be storecl for longer periods than I-Z 
clays, because, even in the cold room, ion-exchange, although slow, continued to take 
place. In an aged column the optimum conditions for chromatography could not 
be attainecl because of liberation of the residual OH-ions, and the resulting high pH 
adversely affectecl the preparation to be chromatographecl. III two esperimerits two 
columns were used, one freshly ecluilibrsted ancl one one week old, but otherwise 
identical with regard to regeneration, \vashing, and equilibration. On the fresh 
column the yield of AHF was Sg Y/, on the old column 35 76. After the columns had 
been interchangecl the esperiment was repeatecl, and the highest yield was again ob- 
tained with the freshly prepared column. 

(f) We also tried to reproduce the “pH-peak” by displacement with anions 
other than bromide. lMost of these esperiments were performecl with sulphate, but a 
variety of organic anions have also been used. Although in most cases the affinity of 
the ECTEOLA-cellulose for the anion usecl was greater than for bromide, as cleter- 
mined in equilibrium esperiments’, the rise in PI-I was always smaller than was es- 
petted (see Table II). 

(g) Efforts to elute AHF with “synthetic” pH-peaks, produced with dilute alkali 
or with buffers of higher pH, failed, because no sharp boundaries could be obtained. 

(in) The pH-peaks coulcl also be reprocluced on columns of DEAE-cellulose, ancl 
by proper equilibration of the columns quantitative yields of AHF could be obtained 
with this material as well. Because of the greater protein-bincling capacity of this 
anion-es&anger the ratio of biol. activity/&,, was, however, rather poor. 

What has been said above about ‘ECTEOLA-cellulose generally holds true also 

* At lou~conccntrations no cornplcte conversion will occur, owing to hydrolysis of the BCTEOJA- 
ccllulosc-anion salt, cf. ref. 7. 
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Fig. 5, Demonstration with phenol reel of the incrcasccl OH-ion 
ECTEOLA-ccllulosc. 

concentration in n column of 

EFFECT OF VARIOUS DISPLACING ANIONS ON l>I-I-CHANGE 

Colf~rrllr 
cqrdibmtctl Displmirl,n rllol~ I\‘, J\‘isc nf 

with ntl arliorr COlIC1C. f>J-I L1PJ-I 

Cl-bl~ff1V 
____--- --- 

450 sulfate 0.25 12.1 G.g1-7.0s 0.17 
200 sulfate 0.25 &go-7.12 0.22 
450 sulfate 0.50 G.897. I 3 0.28 
5oo succinatc 0.10 9.8 kg?-7.oG 0.16 
5oo succinate 0.2v 6.59-7.00 0.11 

450 form&c 0.20 3.5 G.g2-G.g4 0.02 
500 formatc 0.50 6.93-7.07 0.14 
500 glutamate 0.10 2.3 G.g2-G.45 -0.47 
500 glutamntc 0.20 G.g2-G.2S -0.04 
500 propionntc 0.20 I.2 G.S4.-G.go 0.06 
500 pyruvatc 0.20 1.1 G.go-G.gG 0.06 
500 chloride 0.50 I.0 G.S8-7. I G 0.28 

for DIME-cellulose escept that the rate of eschange of the latter is greater, and hence 
fresh columns tend to deteriorate more rapidly than those of IXTEOLA-cellulose. 

These investigations were supported by grants from the Netherlands Society for Pure 
Scientific Research (Z.W.O.). 

SUBIhlAR\~ 

In the course of esperiments on the chromxtographic purification of the antihaemo- 

philic factor, it was found that the cellulosic anion-eschangers, when regenerated 

J. Clwornaiog., 13 (1gG4) 408-414 
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with alkali, tend to retain tenaciously a certain amount of hydrosyl-ions during their 
equilibration with neutral buffers. On shifting from one anion to another, ~.g. in 
displacement chromatography, a rise in pW may result. The factors governing this 
phenomenon were investigated, and are discussed in the present article. 
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