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1. Introduction

The purification of biological macromolecules by
partition in aqueous two-phase systems is based main-
ly on physico-chemical properties of systems and of
macromolecules. This is well illustrated by the system
obtained by mixing aqueous solutions of dextran and
poly (ethylene glycol) (PEG). Partition of macromole-
cules in this system depends namely on polyelec-
trolytes and salts concentration [1,2]. Furthermore,
when charged poly(ethylene glycol) is added, parti-
tion depends also on the pH of the system, and pro-
teins can be extracted according to their iscelectric
points [3,4]. Interactions involved in the process of
partition are not specific and a mixture of proteins is
often obtained in each phase of the system. There-
fore, it would be of interest to introduce highly spe-
cific ligands confined to one of the phases in order to
purify macromolecules sefectively by affinity.

For enzyme purification, the interacting cam-
pound may be a highly specific competitive inhibitor
attached to PEG, since it is known that, in dextran/
PEG systems, PEG is essentially in the upper phase.
As a model, p-aminobenzamidine (PAB), a strong
inhibitor of trypsin, was attached to PEG and new
macro-inhibitors of trypsin were obtained [5].We
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describe here the effect of one of them, PEG 9000
PAB, on the partition of trypsin in dextran/PEG
9000 two-phase system.

2. Materials and methods

Dextran T 500 (weight average mol.wt. (M,,) =
450 000 and number average mol.wi. (ﬁn) =
194 000) was supplied by Pharmacia, Uppsala,
Sweden. Poly(ethylene glycol} (PEG 9000; M, =
9000Q) was obtained from Fluka. Diamidino-e,co-dip-
henylcarbamyl-poly (ethylene glycol) (PFEGPAB);
M,,= 9000) was prepared as described earlier [5]
(diamidino-o,w,-diphenylcarbamyl-poly (ethylene
glycol). Trypsin, chymotrypsn, DL-benzoylarginine-
p-nitroanilide (BAPNA) and V-acetyl-L-tyrosine
ethyl ester (ATEE) were obiained from Sigma.

2.1. Phase diagrams

The binodial for the dextran--PEG—water and for
the dextran—~PEG/PEGPAB (3:1)—water systems was
obtained according to Johansson [3]. Water was
added to mixtures of PEG and dextran solutions at
room temperature until phase transition occurred.

2.2. Two-phase systems

These were prepared at room temperature in 0,05
M Tris—HCI buffer pH 8.0. System (A) was obtained
by mixing 20% (w/v) solutions of dextran and PEG
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with buffered enzyme solutions. System (B} was
obtained as system (A) but with PEG/PEGPAB (3:1).
This ratio was selected to obtain full complexation
of trypsin in regard to X; value of PEG 9000 PAB
(2.0 107% M [5]) and concentration of trypsin in the
system (10~% M). Increasing concentration of
PEGPAB is not useful since solubility of trypsin in
the upper phase is limited. The systems were shaken
and then centrifuged for 5 min at 1500 g. The phase
volume ratio is about 2.

2.3. Derermination of partition coefficients

The partition coefficient of PEG 9000 was deter-
mined by evaporating to dryness an aliquot of the
upper phase of system (A). The residue was further
dried in vacuo over P, Qg to constant weight. The
partition coefficient of PEG 9000 PAB was deter-
mined by measuring the absorbance of each phase at
270 nm with a Zeiss spectrophotometer PMQ II.

2.4. Determination of trypsin and chymotrypsin acti-
vity
Trypsin assays were carried out with DL-BAPNA
as substrate [6,7]. Chymotrypsin assays were carried
out with ATEE as substrate [8]. All measurements
were made at 25°C using a Beckman Acta 111 spec-
trophotometer.

2.5. Fartition of trypsin and chymotrypsin

Partitions of trypsin and chymotrypsin were stu-
died by measuring enzymic activities in the upper
phase and then expressing them in % of total intro-
duced enzyme activities. PEGPAB does not affect
the measurement of trypsin activity since its concen-
tration in the sample cuvette (0.01 mM) is very low
in regard to that of substrate (1 mM).

3. Results and discussion

3.1, Phase diagram

Fig. 1 shows the phase diagrams for system (A)
and system {B). The binodial obtained when PEG
PAB is added instead of PEG is ciose to that obtained
with unsubstituted PEG. This indicates that the mole-
cular weight of PEG has not changed during substitu-
tion [1] in good agreement with our previous results
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Fig. 1. Phase diagrams for systems PEG2000—dextran—water
and PEG9000/PEG9000PAB (3:1)—dextran-water, Part of
the binodial separating 1-phase (I) region and the 2-phase
region is shown,

3.2, Partition coefficients of polymers

The determination of PEG 9000 partition coeffi-
cient was conducted as described above because no
precipitation was obtained when adding ethanol to an
upper phase of system (A). This demonstrates the
absence of dextran in the upper phase. The determi-
ned value of PEG 9000 partition coefficient is 1.8.
In system (B), the ratio of PEGPAB concentrations
between the upper and lower phases is 8.6 as deter-
mined by spectrophotometric measurements. This
value is quite different from that of unsubstituted
PEG and indicates an enhancement of the affinity of
PEG for the upper phase when p-aminobenzamidine
is attached to each end of the chain.

3.3. Trypsin partition

Concentration of trypsin in systems (A) and (B)
was 107 M. In system (A), recovery of trypsin acti-
vity in the upper phase was 40% of the total activity.
Partition coefficient of trypsin in that system was
calculated to be 0.33. In system (B), recovery of
trypsin activity in the upper phase was 92% of the
total activity. In that system the trypsin partition
coefficient was 5.7. It appears from these values that
trypsin concentration in the upper phase is increased
as much as 2.3 times when PEGPAB is added to the
two-phase system. In other words, there is a 17-fold
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Fig. 2. pH dependance of trypsin partition in dextran—PEG
9000 system (A) and in dextran- PEG9000/PEG9000PAB
(3:1) system (B). Trypsin activity is expressed as percentage
of total added activity,

increase of the trypsin partition coefficient when a
specific trypsin inhibitor is attached to PEG. Thus,
the partition coefficient of trypsin is close to that of
PEGPAB showing a strong interaction between enzy-
me and inhibitor.

The pH dependance of trypsin partition in

systems (A) and (B) is shown in fig. 2. In both systems,

the trypsin partition coefficient exhibits a maximum
at pH 8.0. The ionic strength dependence of trypsin
partition coefficient is shown in table 1. In system
(A), the recovery of trypsin in the upper phase de-
creased slightly when Tris concentration increased. In
system (B), no significant effect could be noted.
Finally, specificity of the extraction of trypsin was
demonstrated by investigating partition of chymolryp-
sin in the same systems. When chymotrypsin was
added as a unique protein to systems (A) and (B),
recovery of activity in the upper phase was res-
pectively 20% and 28% of total introduced activity.
Thus, the chymotrypsin partition coefficients are
0.12 and 0.19 respectively, that is, a 1.5 time increase
in systemn (B). This is to be compared with the 17
times increase obtained with trypsin. Upon addition
of a mixture of trypsin and chymotrypsin to systems
(A) and (B), the trypsin partition coefficient became
0.26 and 3.35 respectively whereas those of chymo-
trypsin became 0.11 and 0.15. Though there isa
small decrease in trypsin partition coefficients values,
PEGPAB still exhibits a highly specific effect.
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Table 1
[onijc strength (u) dependence of trypsin partition in
dextran—PEG9000 (system A) and in
dextran~PEG90C0/PEGI000PAB (3:1) (system B).
Tris—HCI buffer pH 8.0

Trypsin activity in upper phase
(in % of total activity)

U System (A)

Systemn (B)
0,05 39 89
0.1 36 77
0.2 35 89

This behaviour is remarkable in consideration of
very similar properties of trypsin and chymotrypsin.

This effect seems to be applicable to other inter-
acting systems and its usefulness as a step in macro-
molecules purification is under investigation.
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