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SUMMARY

Partitioning of two non-ionic solutes, 4-nitrophenyl-a-D-mannopyranoside and
4-nitrophenyl-N-acetyl-§--pD-glucosaminide, in aqueous dextran—poly(ethylene gly-
col) (PEG) biphasic systems with a fixed polymer composition but containing various
concentrations of KCl, KSCN and K,SO, was studied. It was found that the salt
additives alter the polymer composition of the coexisting phases depending on the
type and concentration of the salt. The ratio of the thermodynamic activity coeffi-
cients of the aqueous medium in the coexisting phases that can be determined from
the polymer composition of the phases is suggested as a measure of the solvation
properties of the phases. It is shown that the logarithm of the partitition coefficient
of a non-ionic glycoside is linearly related to the above ratio. The results obtained
imply that the ionic composition of the aqueous dextran-PEG biphasic system in-
fluences the partitioning of solutes (both ionic and non-ionic) through its effect on
the polymer composition of the phases and on the thermodynamic state and/or struc-
ture of water in the phases. It is concluded that the generally accepted hypothesis
that the separation capacity of the system can be divided into two independent parts
{one related to the solvation properties of the phases and the other to the interfacial
potential) is invalid as both are dependent on the ionic compostion of the system.

INTRODUCTION

Aqueous polymer biphasic systems have been employed successfully for the
separation, isolation and analysis of various biological solutes and particles' 2. The
most commonly used systems are those formed by dextran and poly(ethylene glycol)
(PEG). An important question when the systems are used for separation is how to
influence the partition of the biological material. The various ways in which this can
be done!-* are related to the polymer and the ionic composition of the two coexisting
phases.
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The partition of polyelectrolytes (e.g., proteins) depends on the pH and the
type of salt present in the system of a given polymer composition!:56. The usual
explanation!-5:6 is that the presence of several kinds of ions that differ in their relative
affinities for the two coexisting phases gives rise to an electrical potential difference
between the phases, the value and sign of which govern the partitioning of ionic
solutes. It is believed®-*-® that the separation capacity of the aqueous dextran-PEG
biphasic system can be divided into two independent parts. One part depends on the
difference in the net charge of the co-partitioned polyelectrolytes and is sensitive to
the ionic composition of the system, i.e., to the interfacial potential, and the other
is determined by the solvation properties of the phases for the solutes being parti-
tioned, i.e., it depends on the polymer composition of the phases, and is independent
of the ionic composition of the system. This hypothesis!:5-¢ is clearly based on the
concept that the ionic composition of the system does not affect the polymer com-
position of the phases known*. to influence the partitining of solutes in the system.

We have recently established® that the presence of inorganic salts can alter the
polymer composition of the phases of aqueous biphasic systems formed by non-
ionic polymers. In order to check the assumption that inorganic salts may influence
the partitioning of solutes in the aqueous dextran-PEG phase system as a result of
their effect on the polymer composition of the phases, the partition of two non-ionic
glycosides in systems containing different amounts of KCl, KSCN and K,SO, was
studied and the results are presented here.

EXPERIMENTAL

Materials

The polymers used were dextran-70 (M,, 57.2 - 103; M, 28.7 - 103) (Minmed-
prom, Moscow, U.S.S.R; Lot 680480) and PEG-6000 (M, ca. 6 - 10%) (Serva, Hei-
delberg, F.R.G.; Lot 419-80). 4-Nitrophenyl-a-D-mannopyranoside and 4-nitrophen-
yl-N-acetyl-f-D-glucosaminide were obtained from Chemapol (Prague, Czecho-
slovakia). Inorganic salts of analytical-reagent grade were used. Water was doubly
distilled in quartz.

Methods

The aqueous dextran-PEG biphasic systems were prepared as described else-
where!-+.7-8_ All of the phase systems used had the same polymer composition, con-
taining 12.8% (w/w) of dextran and 8.0% (w/w) of PEG, but differed in their salt
compositions as indicated below.

The composition of the coexisting phases was determined as follows. The sys-
tems were centrifuged for 20 min at 4400 g to speed phase settling. The dextran
concentrations in both phases were determined by polarimetry! with an accuracy of
0.018% (w/w). The PEG concentration in the dextran-rich phase was measured using
the I5-binding assay® with an accuracy of 0.028% (w/w). The concentration of a
given salt in the dextran-rich phase was calculated from refractive index measure-
ments and from the dextran and PEG contents of the phase. The PEG and salt
concentrations in the PEG-rich phase were calculated from the total composition of
the system and from that of the dextran-rich phase. The salt concentration was de-
termined with an accuracy of 0.045% (w/w) and the concentration of water with an
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accuracy of 0.056% (w/w) The concentrations of salts in the two phases were also
determined in separate experiments with an accuracy of 0.003% (w/w) from mea-
surements of the potassium concentrations by atomic-absorption spectrometry. The
relative volumes of the two coexisting phases were measured using graduated tubes.
The densities of the phases were determined by pyknometry.

Partition experiments were carried.out as described elsewhere!®1!. Aliquots
of the settled phases were pipetted from a given system and each was used for mea-
surements of the solute concentration. The absorbance of each aliquot, appropriately
diluted with water, was measured at 300 nm against a correspondingly diluted top-
or bottom-phase blank.

The partition coefficient, K, defined as the ratio of the solute concentration in
the PEG-rich phase to that in the dextran-rich phase, was measured for each solute
over approximately a 10-fold concentration range and was found to be independent
of the solute concentration in a system of given ionic composition. The partition
coefficient for each solute was determined as the mean of 2-4 measurements on 4-5
dilutions from each partition experiment carried out 3-4 times in a given biphasic
system, :

RESULTS AND DISCUSSION

The polymer compositions of the two coexisting phases of aqueous dextran-
PEG systems with different salt compositions are shown in Table I, together with the
partition coefficients for the glycosides studied. The results indicate that the logarithm
of the partition coefficient of a glycoside is linearly related to the concentration of
the salt present in the system. As the glycosides studied are non-ionic this linear
relationship seems to have no physical meaning. It implies that there is a linear
relationship between the salt concentration and the solvation properties of the co-
existing phases governing the partitioning of solutes in the system.

It follows from the thermodynamic equilibrium of the coexisting phases that
the chemical potentials of the solvent in both phases are identical. This condition can
be written as

Cho/CHES = fiSif,0 = (D

where Cy,o is the concentration of the aqueous solvent in a given phase of the system,
fu,0 is the activity coefficient of the solvent in a given phase; and the superscripts D
and PEG denote the dextran and the PEG-rich phase, respectively. It should be
particularly noted that the solvent in each phase is the aqueous medium of a given
ionic composition, i.e., it is implied that the main role of the salt consists in the
alteration of the solvation properties of the phase medium owing to its effect on the
structure of water and on the phase polymer-water interactions8-12-14,

According to eqn. 1, a characterizes the ratio of the activity coefficients of the
aquéous solvents in the coexisting phases, i.e., that of the thermodynamic states of
the medium in the phases. The a values determined from the composition of the
phases in accordance to eqn. 1 are listed in Table 1.

The results in Table I indicate that « is linearly related to the concentration of
a given salt in the system. This seems to explain the aforementioned linear relation-



B. Yu. ZASLAVSKY et al

98

‘1 ‘uba 01 3urpioaoe pajemore)
"WAISAS 2y} Ul SANIPPE I[BS 3] JO JUNOWE [B10], = °D ,

1¥6°0 £5¢°0 00°LLY 6’0 S$8°0L 00°¢ o:w 151 74 LL8L 0s't oL’LT £0°0 §To
8t0 8¢C0 68'vS 068°0 LOEL 66’1 8C°0 99'vT V8°C8 6¥'1 LeST 0£'0 01°0
620 9810 89'vT 088°0 weL 811 790 81°sT Le8 95°0 0e'S1 wo SO0 *OS*M
¥99'0 £85°0 9¢° 111 W60 9L’LY 8L°6 91°0 0£°C¢C V1L ¥sol S8°LI 81°0 00'1
6910 86¢°0 STLY 906'0 80°0L 86°¢ ¥Zo or'ye 8L LOS v191 LE0 050
SIE0 981°0 S0'6t 6L8°0 01°€L ¥6°0 6£°0 LS'ST yTes 001 £TSt £6°0 o1ro NOSHA
£9v°0 8620 LULLT L16°0 81°89 00’8 900 9L'ET 8TLL 08¢ £9°91 6C0 00’1
9580 (444 16°tpl £68°0 98°0L L6t o 90°ST 7908 17¢ £8°¢1 E0 05°0
0€°0 091°0 £C911 L8380 18°CL 01 €10 $0°9¢C L6'E8 80 11! o 010 DA
9LT'0 w10 £C°9T 6980 6v'EL - LSO y6'SC 19'48 - S6vl 124V - -
eumU\ o) 93dy ) e~=.u 55 0247 )
(3yfjom)
Uy uy  wy uy dady P (m/m ‘o5 ) asoyd wio1roq fo uorsoduio) (m/m oy ) asvyd uaddn fo uoysoduio) o) 13os

(®Y) HAININVSODNTO-a-g-1ALTOV-N-TANTHIOULIN-Y ANV (““¥) HAISONVIAJONNVIN-T-?-TANTHJOULIN- A0 LNAIDIAIT0D
NOILLILYVd FHL 40 SWHLRIVOOT ANV (¥) SISVHd FHL NI LNIAT0S SNOFNOV FHL 40 SINFIOIIA90D ALIAILDV DINVNAGOWIHHL
AHL A0 OLLVY ‘(®™Y) Dad J0 INFIDIdIA0D NOLLALNIISIA ‘SLTVS JINVOIONI A0 SINNOWY LNJ¥FAAId ANV Dad 40 (W/m) %08
‘NYULXAA J0 (/1) %871 ONINIV.LNOD WALSAS 3SVHI DId-NVILXAd SNOANOV FHL 40 SESVHd DNILLSIXH0D FHL A0 NOLLISOdWOD

19714dvL



PARTITIONING OF NON-IONIC SOLUTES IN DEXTRAN-PEG 99

ship between the logarithm of the partition coefficient of a glycoside and tr2z con-
centration of an inorganic electrolyte in the biphasic system. The physical meaning
of the a—InK relationship is obvious as the affinities of a solute for the phases are
governed by the thermodynamic state and/or structure of water in the phases, which
determines the solvation properties of the phases. As yet there is no general theory
of water structure that permits the quantitative characterization of the alteration of
the structure and/or thermodynamic state of water under the influence of phase poly-
mers and inorganic ions present in the system. It should also be noted that inorganic
salts are known!2:13 to interact directly with PEG and these interactions may alter
the conformation of PEG macromolecule, affecting the polymer—water interactions.
It should be emphasized that the relationship between the logarithm of the partition
coefficient of a glycoside and the distribution coefficient of PEG, Kpgg, is poor, in-
dicating that the solvation properties of the phases are governed not only by the
phase polymers but also by the ionic:composition of the phases.

It can be seen from the data in Table I that the partition coefficients of a given
non-ionic solute differ at the same « value provided by different inorganic electrolytes.
It seems that different salts induce different-alterations of the water structure!# in the
phases, producing the same ratio-of the solvent activity coefficients. Even so, « seems
to be preferable to the length of the tie line (TLL) (length of the line connecting the
top- and bottom-phase system compositions on the phase diagram) used by several
workers* 15 as a measure of the difference in composition between coexisting phases.
It can be seen from Table I that TLL is almost constant for all the systems of different
ionic composition used here. The partition coefficients of the glycosides, however,
vary significantly.

It should be noted that by plotting the logarithm of the partition coefficient of
mannopyranoside in the presence of KCl, KSCN or K,SO, on the ordinate against
o on the abscissa, linear graphs are obtained that have a common point of intersection
corresponding to @ = 0.872 + 0.002. For the corresponding point of intersection
for glucosaminide « = 0.860 + 0.020. The physical meaning of the points is obscure
at present. The results in Table I indicate that the partition coefficients of the gly-
cosides under study are sensitive to a to different extents, depending on the type of
inorganic electrolyte used. Partitioning of mannopyranoside in the presence of
KSCN, which is a water-structure breaker'4, depends on the ratio of the solvent
activity coefficients more than that of glucosaminide: The opposite situation is ob-
served in the presence of K,SO,, which is a water-structure promoter*4.

The results obtained, even though they cannot be explained precisely, indicate
unambiguously that the presence of an inorganic electrolyte in the -aqueous
dextran—-PEG biphasic system alters the polymer composition of the phases-and the
thermodynamic state (and structure) of water in the phases. These alterations affect
the solvation properties of the phases and influence the partitioning of solutes in the
system. The above results obtained for non-ionic solutes imply that partitioning of
ionic solutes, e.g., polyelectrolytes, is at least partially influenced by the same factors.
The results of this study disagree with the aforementioned hypothesis!:*-¢ that the
separation capacity of the system can be divided into two independent parts, as both
of these parts depend on the ionic composition of the system. It is concluded that
the interfacial potential should not be considered as the only critical factor governing
the partitioning of biological materials in aqueous biphasic systems formed by non-
ionic polymers and containing inorganic electrolyte additives.
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