Journal of Chromatography, 253 (1982) 149-158
Elsevier Scientific Publishing Company, Amsterdam -— Printed in The Netherlands

CHROM. 15,288

PHYSICO-CHEMICAL FACTORS GOVERNING PARTITION BEHAVIOUR
OF SOLUTES AND PARTICLES IN AQUEOUS POLYMERIC BIPHASIC
SYSTEMS.
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SUMMARY

The interfacial potential difference between the phases in Dextran 500-
poly(ethylene glycol) 6000 and Ficoll 400-Dextran 70 biphasic systems was measured
as a function of the ionic composition of the systems. The results obtained are com-
pared to those on the partitioning of dinitrophenyl amino acids and human red cells
obtained previously. In many cases, there is no relation between the partitioning of
charged solutes and particles and the potential difference measurable in the biphasic
system. It is concluded that the distribution potential measurable in a given biphasic
system as well as the ionic strength of the system generally cannot be used as a fea-
ture of the system generally important for the partitioning of solutes and par-
ticles in such systems. Two main features of the phases are assumed to be important
for the partition process: (i) the hydrophobic properties of the phases and (ii) the
hydration properties of the phases. An approach to estimate the latter is proposed.

INTRODUCTION

In Part I' it was shown that the hydrophobic propertics of the phases of a given
aqueous polymeric biphasic system are not the only factor governing partitioning of
solutes in the system. This may be attributed to the complex nature of interactions
affecting the state of a solute or particle in the polar environment created by each
aqueous phase of the polymeric biphasic system. It is well known? that the results
obtained in measurements of the solid-liquid interfacial free energy depend on the
liquid used —pure hydrocarbons reflect only dispersive, non-polar van der Waals
interactions, while polar liquids such as water reflect both polar and non-polar inter-
actions ocgcurring at the interface. The partition coefficient of cells in the dextran—
poly(ethylene glycol) (PEG) biphasic systems is directly related to the surface energies
of the cells, as determined from the contact angles of each phase with the cell lay-
ers’>*. Therefore it seems possible to suggest that the partition coefficient of a solute
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molecule or particle bearing polar or charged groups is governed at least by two fea-
tures of the biphasic system: (i) the hydrophobic properties of the phases! and (ii) the
hydration properties of the phases. The latter feature represents the ability of water
to solve polar and ionogenic groups of the solute molecule or particle surface.

The electrostatic potential difference between the phases of aqueous polymeric
biphasic systems in the presence of salts is known>™ to be due to an unequal distri-
bution of the various cations and anions between the phases. This type of interfacial
electrostatic potential is called the distribution potential'® and is derived from the
difference in the hydration energies of the ions taking part in the distribution equilib-
rium!%-12, Hence, this potential value in a given aqueous polymeric biphasic system
seems to be a measure (in a rather limited way) of the relative hydration properties
of the phases.

In this paper we report the results of a study of the effect of ionic composition
on the electrostatic interfacial potential in dextran—-PEG and Ficoll-dextran biphasic
systems, and compare them with those obtained for the partitioning of dinitrophenyl
(DNP)-amino acids in Part 1!,

MATERIALS AND METHODS

Biphasic systems

The polymer samples were the same as described previously!. Two agueous
polymeric biphasic systems were prepared having the following compositions: 7%/
(w/w) Dextran 500, 4.4 % (w/w) PEG 6000 containing NaCl and sodium phosphate
buffer as indicated below; 12,59, (w/w) Ficoll 400, 10.8 %, (w/w) Dextran 70 contain-
ing NaCl and sodium phosphate buffer as indicated below.

Measurement of interfacial potential

The difference in interfacial potential was measured with a Radelkis OP-208
pH-meter used as a mV-meter as described in ref. 6. The electrodes were Pasteur
pipettes filled with 7.5 % polyacrylamide gel (PAAG) containing a saturated aqueous
solution of KClL One side of the PAAG bridge was connected to a standard silver—
silver chloride electrode (Radelkis, Model OP-8083), the other was exposed to one of
the phases. All measurements were made at 25°C and all the biphasic systems exam-
ined were allowed to settle for 24 h. The changes in potential caused by transferring
either electrode from one phase to another were determined. The measurements were
performed twelve to fifteen times in each biphasic system. Two or three separately
prepared systems of the same polymeric and ionic compositions were examined. The
potential difference values agreed usually to within 0.2 mV and mean values were
calculated.

Partition experiments
Some additional partition experiments with DNP-amino acids having aliphatic
side chains were carried out as described previously!.

RESULTS

The results shown in Fig, 1 indicate that, on replacing the sodium phosphate
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Fig. 1. Relation between the interfacial potential difference, 4%, between the phases and the ionic com-
position of Ficoll-dextran, pH 7.4 (1), and dextran-PEG, pH 6.8 (2), biphasic systems. NaPB = sodium
phosphate buffer.
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Fig. 2. The interfacial potential difference between the phases of the dextran—PEG biphasic system as a
function of the concentrations of Na,HPQ, (1), NaH,PO, (2) and sodium phosphate buffer, pH 6.8 (3).
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buffer with NaCl over the concentration range 0.11 M buffer to 0.15 M NaClin 0.01
M buffer, the interfacial potential difference decreases virtually to zero in both dex-
tran~PEG and Ficoll-dexiran biphasic systems. It should be noted that the Ficoll-
rich and PEG-rich phases are positively charged relative to the corresponding Dex-
tran 70-rich and Dextran-500-rich phases. Also that the interfacial potential appears
to be zero in both polymeric biphasic systems containing 0.15 M NaCl in 0.01 M
sodium phosphate buffer regardless of the HPO3 ~/H,PO, concentration ratio.

Fig. 2 indicates that the potential difference depends on the type and concen-
tration of salt present in the biphasic system. It should be noted that the interfacial
potential measured in the presence of two salts is not the sum of the corresponding
values measured in the presence of each salt separately, The potential difference
between the phases of the dextran-PEG system containing the following salts at the
same concentration increases in the order; NaH,PO, < sodium phosphate buffer
(pH 6.8) < Na,HPO,.

pH
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Fig. 3. The interfacial potential difference between the phases as a function of the phosphate ions’ concen-
tration ratio in the biphasic systems. 1, Ficoll-dextran (0.11 A sodium phosphate buffer); 2. dextran-PEG
(0.11 M sodium phosphate buffer); 3. Ficoll-dextran (sodium phosphate buffer of various concentrations
but at constant ionic strength of 0.165 M).
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The results given in Fig. 3 show that the interfacial potential in both polymeric
biphasic systems examined depends on the HPO3 ~/H,PO; concentration ratio in
0. 11 M sodium phosphate buffer in the funnel-shaped manner. As the above measure-
ments were performed under varied ionic strength of the system, the interfacial poten-
tial was then measured in the Ficoll-dextran system in the presence of different buffer
concentrations but at constant ionic strength (0.165 M). Curve 3 in Fig. 3 shows that
the potential is now linearly dependent on the HPOZ = /H,PO; ratio.

From the results in Figs. 2 and 3, an increase in the concentration of sodium
phosphate buffer reduces the interfacial potential difference between the phases in
both polymeric biphasic systems studied. This effect appears to intensify with increas-
ing HPOZ~/H,PO; concentration ratio. Ballard et al.® reported a maximum in the
potential difference in dextran-PEG biphasic systems in the presence of 0.022 M
sodium phosphate buffer, pH 6.8. This difference in results may be due to differences
in the polymer samples used.

An increase of the NaCl concentration in the dextran—PEG biphasic system
containing 0.01 M sodium phosphate buffer reduces the potential difference as shown
in Fig. 4. However, addition of 0.15 M NaCl to the system containing 0.11 M sodium
phosphate buffer, pH 6.8, only reduces the potential difference from 1.95mV to 0.79
mV. Similar observations have been made by Ballard et al.”.

One of the aims of this work was to compare the interfacial potentials with the
partition coefficients of solutes in aqueous polymeric biphasic systems of different
ionic compositions. Hence, the corrected partition coefficients of DNP-glycine at dif-
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Fig. 4. The interfacial potential difference between the phases of the dextran-PEG biphasic system con-
taining 0.01 M sodium phosphate buffer as 2 function of the concentration of NaCl.
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Fig. 5. Parameter C in the Ficoll-dextran biphasic system as a function of the NaCl/sodium phosphate
concentration ratio, pH = 6.4 (1), 7.4 (2) and 7.8 (3).

ferent pH values in the Ficoll-dextran biphasic system obtained in Part I' are present-
ed in Fig. 5 as a function of the NaCl/sodium phosphate buffer concentration ratio
(the salt concentrations are related according to: Cpyprer = 0.11 M — 0.67 - Cyuep
where C, ., and Cy,q are the concentrations of the buffer and NaCl respectively).
Similar relationships, parallel to those in Fig. 5, were obtained for all the DNP-
amino acids examined®.

The typical relationships between the partition coefficients of some DNP-
amino acids and the concentration of NaCl in the dextran—PEG biphasic system
containing 0.01 M sodium phosphate buffer are shown in Fig. 6. The same type of
relationships has been observed by us for sodium alkyl sulphates in the absence of
sodium phosphate buffer!?.

The corrected partition coefficient of DNP-glycine in the Ficoll-dextran bi-
phasic system containing 0.11 Af sodium phosphate buffer is presented in Fig. 7 as a
function of the HPO3Z ~/H,PO; concentration ratio. It should be noted that the par-
tition behaviour of all the DNP-amino acids examined in this biphasic system at the
same ionic strength (0.165 M) under various concentration of the phosphate buffer
was found to be independent of the HPOZ~/H,PO, concentration ratio.

The partition coefficient of DNP-glycine in both polymeric biphasic systems
studied depends upon the concentration of sodium phosphate buffer as shown in Fig.
8.

DISCUSSION

The results obtained imply that the partition process in the aqueous polymeric
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Fig. 6. Partition coefficients of DNP-amino acids as a function of concentration of NaCl in the dextran-
PEG biphasic system containing 0.01 M sodium phosphate buffer, pH 6.8. 1, DNP-glycine; 2, DNP-
norvaline; 3, DNP-2-amino-n-octanoic acid.

biphasic systems ¢xamined depends upon many variables. The primary independent
variables capable of influencing the properties of the phases appear to be the concen-
trations of the sodium phosphate buffer and NaCl, and the HPOZ ™ /H,PO, concen-
tration ratio. Secondary variables derived from these, but presumably capable of
separate effects on the properties of the phases, seem to be the NaCl/sodium phos-
phate buffer concentration ratio and the ionic strength of the medium.

It has been shown in Part I! that in order to examine the partition behaviour of
a solute or particles the hydrophobic properties of the phases should be taken into
consideration. The hydrophobic properties of the phases of the Ficoll-dextran bi-
phasic system containing NaCl and sodium phosphate buffer were found to be con-
stant over the range of salt concentrations used'. Therefore the relationship between
the partition coefficient of a solute and the NaCl/sodium phosphate buffer concentra-
tion ratio is described by the equation!*”

InK =4 + BI (1

where [ is the ionic strength of the medium, 4 and B are constants. It siould be
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Fig. 7. The Parameter C in the Ficoll-dextran biphasic system containing 0.11 M sodium phosphate buffer
as a function of the phosphate ions’ concentration ratio.
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Fig. 8. The partition coefficient of DNP-glycine in the dextran—PEG, pH 6.8 (1), and Ficoll-dextran, pH
7.4 (2), biphasic systems as a function of the concentration of sodium phosphate buffer.
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emphasized that [ is used here as a quantitative index of the ionic composition of the
biphasic system under the conditions specified.

However, conditions can be created under which the replacement of sodium-
phosphate buffer with NaCl over the concentration range used is not followed by an
alteration of the ionic strength of the medium, e.g., in the system containing 0.11 A
sodium phosphate buffer, pH 6.4, ionic strength 0.165 M. 1t can be seen from Fig.
5 {curve 1) that the change of the ionic composition under the above conditions is
followed by an alteration in the solute partition coefficient. This implies that gen-
erally it is inadequate to use the ionic strength of the system as an index of the ionic
composition. In some cases the effect of the ionic strength on solute partition behav-
iour is obvious. An increase of the concentration of sodium phosphate buffer ac-
companied by an increase of the ionic strength of the medium increases the partition
coefficients of DNP-amino acids as shown in Fig. 8. The ionic strength of 0.11 M
sodium phosphate buffer is changed when the HPOZ ~/H,PO, concentration ratio
is varied. From Fig. 7, the partition coefficients of DNP-amino acids increase with
increasing ionic strength of the Ficoll-dextran biphasic system under the conditions
specified. It should be noted that the interfacial potential difference between the
phases of the system decreases under the same conditions (see Fig. 3).

If the ionic strength of the buffer is kept constant at various HPOZ ~ /IL,PO,
concentration ratios (by corresponding variation of the buffer concentration) the
partition behaviour of a given DNP-amino acid appears to be invariable. The dif-
ference in the relative hydrophobicities of the two phases of the system under these
conditions is constant, while the interfacial potential difference changes markedly
(Fig. 3, curve 3). It is of particular note that most of the data obtained here indicate
that there is no correlation between the variations of the solute partition coefficients
and the alterations of the interfacial potential difference caused by the same vari-
ations of the ionic composition of the system. This seems to imply that the potential
difference should generally not be used as an index of the effect of the ionic com-
position of the system on solute partition behaviour. Figs. 2 and 8 and Figs. 3 and 7
indicate that partitioning of DNP-amino acids in both dextran-PEG and Ficoll-
dextran biphasic systems at various ionic compositions is unrelated to the interfacial
potential difference between the phases of these systems,

It should be noted that the presence of the interfacial potential difference
between the phases also cannot explain the observed variations in the partitioning of
particles in the biphasic systems. From Fig. | at the same NaCl/sodium phosphate
buffer concentration ratio, the potential difference in the dextiran-PEG system (pH
6.8) exceeds that in the Ficoll-dextran system (pH 7.4). However, the quantity of
human erythrocytes in the Ficoll-rich phase (96 ;) is greater than (55 %) in the PEG-
rich phase in the presence of 0.11 M sodium phosphate buffer®'®, Previous results'%
obtained by us on the partitioning of neuraminidase-treated human red cells particu-
larly indicate that the partition behaviour of the cells in a Ficoll-dextran system
containing 0.0452 M sodium phosphate buffer, pH 7.4, and 0.0972 M NaCl is not in
agreement with the theory®™® of the electrostatic effect of the interfacial potential
difference on the partitioning of charged particles in the biphasic systems under
consideration.

The interfacial potential difference measurable in a given biphasic system in
accordance with the definition of the distribution potential’®!? represents the dif-
ference in the hydration energies of the ions taking part in the distribution equilib-
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rium and, hgnce, seems to represent (although in a rather limited way) the difference
in the relative hydration abilities of the two phases of the system. The potential
dlfferencg, howev.er, does not yield the difference in the hydration enérgies OI; a givleell)
pplar or tonogenic group of the solute molecule or particle being partitioned in the
biphasic system. It is possible that in the presence of an interfacial potential difference
between the phases there is no difference in the hydration energies of a given iono-
genic group, and the latter may be significant in a system having zero potential dif.
f«_erenc;r between the phasqs. We conclude that the difference in the hydration proper-
cf;s?de;g:i g);ases of a given biphasic system should be estimated and taken into
- .It seems possible to approach this problem by using the 1 i
partition coeﬁ‘iQient of some simple compofl)nd bearin)gi onlygone p(;:’ll(:,tarlrglf1 rilzmoiiag}:
group as a semiquantitative measure of the above hydration difference. As the most
common groups of the type required include ~-COOH, -COO~, -NH,, -NHJ and —
OH3 DNP-egcine was our choice. It should be noted that we do not ljelieve tzilat this
choice is the best, only that it seems to be equivalent to any other available and was
prefefred because DNP-glycine is used by us as reference for calibration of the hydro-
phobic Qroperties of the systems. As the comparison of partitioning results obtained
under different conditions requires an allowance for the hydrophobic properties of
the phases, it seems reasonable to use the ratio In K/E instead of the In K value.
Thus, we suggest that the relative hydration properties of the phases of a given
biphasic system be estimated in terms of the C/E values. (Parameter C corresponds to
the logarithm of the partition coefficient of DNP-glycine as indicated in ref. 1). As it
has been shown' that the C/E value in the Ficoll-dextran biphasic system containing
NaCl and sodium phosphate buffer changes with the ionic compaosition in accordance
with eqn. 1, it is clear that the type of the relationships described by eqn. 1 would not
change. An application of this approach to the interpretation of partition results will
be presented in Part 11

REFERENCES

1 B.Yu. Zaslavsky, L. M. Miheeva, N. M. Mestechkina and 8. V. Rogozhin, J. Chromatogr., (1982)

2 D. F. Gerson in I. Lefkovits and B. Pernis (Editors), Immunological Methods, Vol. 2, Academic Press,

New York, 1981, pp. 105-138.

D. F. Gerson, Biochim. Biophys. Acta, 602 (1980) 269-280.

D. F. Gerson and J. Akit, Biochim. Biophys. Acta, 602 (1980) 281-284.

P-A. Albertsson, Partition of Cell Particles and Macromolecules, Almgvist & Wiskell, Stockholm, 2nd

ed., 1971.

R. Reitherman, S. D. Flanagan and S. H. Barondes, Biochim. Biophys. Acta, 297 (1973) 193-202.

G. Johansson, Acta Chem. Scand. Ser. B, 28 (1974) 873-882.

H. Walter, E. J. Krob and D. E. Brooks, Biochemistry, 15 (1976) 2959-2964.

C. Ballard, J. Dickinson and J. Smith, Biochim. Biophys. Acta, 582 (1979) 8§9-101.

J. T. Davies and S. E. Rideal, Can. J. Chem., 33 (1955) 947-960.

11 Z. Koczorowski and S. Minc, Electrochim. Acta, 8 (1963) 643-649.

12 L. §. Boguslavsky, Bioelectrochemical Phenomena and Interface, Nauka, Moscow, 1978, pp, 95-106.

13 B. Yu. Zaslavsky, L. M. Miheeva and S. V. Rogozhin, Biochim. Biophys. Acta, 510 (1978) 160-167.

14 B. Yu. Zaslavsky, N. M. Mestechkina, L. M. Miheeva and 8. V. Rogozhin, J. Chromatogr., 240 (1982)
21-28.

15 B. Yu. Zaslavsky, N. M. Mestechkina and S. V. Rogozhin, Biochim. Biophys. Acta, 579 (1979) 463~
465.

16 B.Yu. Zaslavsky, L. G. Shchuyukina and S. V. Rogozhin, Mol. Biol. (U.S.S.R.), 15(1981) 1315-1320.

17 B. Yu. Zaslavsky, N. M. Mestechkina, L. M. Mihceva, S. V. Rogozhin, G. Ya. Bakalkin, G. G.
Rjazhsky, E. V. Chetverina, A. A, Asmuko, I. D. Bespalova, N. V. Korobov and O. N. Chichenkov,
BRiochem. Pharmacol., (1982) in press.

18 B. Yu. Zaslavsky, L. M. Miheeva, S. V. Rogzhin, L. V. Borsova and G. L. Kosinez, Biochim. Bio-
phys. Acta, 597 (1980) 53-63.

vhoe ol

e
[ IS BN



