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Poly(ethylene glycol)-Dextran Aqueous Two-Phase System
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The pertitioning of recombinant human interleukin-2(rhiL-2) in PEG 8000-dextran 38800
aqueous two-phase system has been investigated using three different sources of rhIL-2. In the
case of pure rhil-2, the solubility in a PEG-dextran two-phase system was low and most of rhiL-
2 was partitioned into the bottom phase. For the recovery of rhIL-2 from insoluble protein aggrega-
tes, the inclusion bodies of recombinant E. coli were solubilized by the treatment with sodium
dodecyl sulfate (SDS). The addition of SDS significantly enhanced not only the solubility of rhIL-
2 but also the partitioning of rhIL-2 to the top phase. When the ratio of SDS to rhIL-2 was
2.0, the partition coefficient(K) and the recovery yield(Y) at the top phase were 4.5 and 88%,
respectively, at pH 6.8. In order to reduce the recovery steps further, SDS was directly added
to the intact recombinant E. coli cells and then partitioned into the PEG/dextran aqueous two-
phase system. The observed partition coefficient (K=3.0) and recovery vield (Y=80%) of this me-
thod were comparable to the rhiIL-2 recovery from insoluble protein aggregates. The results obtai-
ned in this work indicate that PEG-dextran two-phase partitioning might provide a simple way
for the recovery and partial purification of recombinant proteins which are produced as inclusion

bodies.

Since the cDNA of human interleukin-2 gene has been
successfully cloned and expressed in E. coli at Genetic
Engineering Research Institute, KIST (11), studies on
the fermentation conditions (15) and purification proces-
ses {20) have been carried out to produce the recombi-
nant human interleukin-2(rhlL-2) in a large scale. The
previous recovery and purification steps of rhlL-2 invol-
ved cell disruption, extraction with urea, solubilization
of insoluble aggregates with sodium dodecyl sulfate
(SDS), and purification using chromatographic methods
(20). The recovery yield of rhIL-2 prior to the chromato-
graphic processing step was less than 50% primarily due
to the repeated use of centrifugation, washing and resus-
pension at each step.

Recently, on the other hand, a great attention has
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been paid to the application of the aqueocus two-phase
system to the recovery and purification of proteins (1, 5,
7-10,12,13) due to its advantage of easy operation,
simplicity for scale-up, and stable maintenance of labile
biomolecules. However, its application to the recovery
of recombinant insoluble proteins has not yet been re-
ported. Many eucaryotic proteins produced in procaryo-
tic microorganisms, including rhil-2, are frequently for-
med as aggregated inclusion bodies (4, 18, 19). In gene-
ral, it is prerequisite to solubilize such inclusion body
proteins for the purification, and therefore SDS has often
been used as a solubilizing agent. Therefore, it is concei-
vable to apply the aqueous two-phase system for the
recovery of such recombinant proteins after solubiliza-
tion.

In this study, we have made an effort to improve the
recovery vield of rhiL-2 from the recombinant cells by
applying the aqueous two-phase system. We have also
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investigated the effect of SDS on the partitioning of pro-
teins in an aqueous two-phase system. In order to reduce
the purification steps further, the recombinant cells were
directly treated with SDS and then applied to the
PEG-dextran aqueous two-phase system. The results ob-
tained in this work indicate that it would be possible
to use the aqueous two-phase system to recover and
purify other recombinant proteins produced as inclusion
bodies via simple one-step processing.

MATERIALS AND METHODS

Isolation and Solubilization of rhIl-2

Escherichia coli M5248[pNKM21] was used for the
production of rhlL-2. Structure and properties of the
plasmid pNKMZ21 and culture conditions of recombinant
E. coli cells were described elsewhere in detail (11, 15).

Cells (20-40 mg) harvested from the culture broth
were resuspended with 2.5 ml of 50 mM Tris-HCI (pH
8.3) and treated with lysozyme (200 pg/ml) for 30 min
at 25C. The cells were disrupted with a sonicator(Sonics
and Materials Inc) by 1 min, five times bursts using
a microprobe. One ml of lysate was centrifuged at 5000
g for 10 min. The pellet harvested was washed with
1 ml of the Tris buffer. After centrifugation at 5000
g for 10 min, the pellets resuspended in the distilled
water were solubilized by adding an appropriate amount
of SDS and kept standing overnight at room tempera-
ture. After centrifugation at 10,000 g for 10 min, the
supernatant was used as a sample solution for aqueous
two-phase partitioning experiments.

Preparation of PEG-dextran Aqueous Two-phase
System

Aqueous two-phase systems were prepared by mixing
an appropriate amount of 20% (w/w) dextran 38800(Si-
gma) and 30% (w/w) poly{ethylene glycol) 8000(Sigma)
with buffer solution. Final buffer concentration was adju-
sted to 10 mM with 0.2 M of the following buffer solu-
tions: glycine-HCI {pH 2.1-2.6), sodium acetate (pH 3.4-
4.3), sodium phosphate (pH 5.8-6.8), Tris-HCI (pH 7.2.
8.8), and glycine-NaOH (pH 9.2-11.5). Afterwards, the
samples were applied to the aqueous two-phase systems
and the mixtures were equilibrated at room temperature
for more than 3 h.

Analytical Methods

The PEG concentration was measured by the follo-
wing method (6). Five m/ of 0.5 M perchloric acid was
added to 1 ml of PEG solution. After standing for 15
min the mixture was centrifuged at 40,000 g for 10
min. Then 1.0 ml of 5% barium chloride solution and
0.4 ml of 0.1 M iodine solution were added to 4.0 m!
of supematant. After standing for 15 min, the absorba-
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nce was measured at 535 nm with a spectrophotometer.
The SDS concentration (0.2-2.0 pg/mi) was measured
by the MBAS method (2).

Protein was assayed by the Lowry method (17) or
the dye-binding assay method of Bradford (3). Protein
solution containing rhlL-2 was taken from both top and
bottom phase in the aqueous two-phase system. The
partitioning coefficient(K) of protein was estimated using
the following equation: K=C,/C, where C, and C, are
the equilibrium protein concentration in the top and the
bottom phase, respectively. The content of rhiL-2 was
determined by SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) according to the method of Laemmli (14).
SDS-PAGE was carried out using 14% polyacrylamide
gel and the protein band corresponding to rhiL.-2 (MW
15.0 kd) was identified using a standard sample of puri-
fied rhIL-2 and marker proteins of known size. The frac-
tion of rhlL-2 to the total protein was determined by
scanning the SDS-PAGE gel using a densitometer (Sebia,
France).

RESULTS AND DISCUSSION

Partitioning of Pure rhiL-2

The standard sample of recombinant human inter-
leukin-2(rhIL-2) used in this work contains a significant
amount of SDS although the protein-base purity of rhiL.
2 is more than 99.9%. In order to select the suitable
aqueous two-phase system for the partitioning of pro-
teins in the presence of SDS, various aqueous two-
phase systems have been tested: PEG (1450, 3350, and
8000) as a top-phase material, and dextran {38800 and
500000) or the salt (such as potassium phosphate, so-
dium phosphate, and ammonium sulfate) as a bot-
tom-phase material. In PEG/salt two-phase systems, es-
pecially in the case of a PEG/potassium phosphate sys-
tem, proteins precipitated at the interface in the presence
of SDS due to the interaction between salt and SDS,
As a consequence, PEG 8000 and dextran 38800 were
chosen as top and bottom phase constructing materials
respectively, and used for subsequent experiments.

Before observing the effect of SDS on the partitioning
of rhil-2, we investigated the partitioning of SDS-free
pure rhlL-2. To remove the SDS from rhIL-2/SDS com-
plex, chloroform and acetone were tested as extractants
of SDS. The mixture of acetone and 0.1 N HCI (6:1)
was found to be very effective for the extraction of SDS.
By extracting twice with this mixture, SDS associated
with rhlL-2 was completely removed with the recovery
yield of rhiL-2 higher than 90%.

In order to examine the partition coefficient of pure
rhlL-2, the SDS-free rhiL-2 solution was applied to the
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Table 1. Partition coefficient of rhlL-2 at different com-
position of PEG and dextran

PEG 8000(w%) dextran 38800(w%) K
12 10 <001
8 8 003
6 7 0.07
5 6 0.12

aqueous two-phase systems constructed by PEG 8000
and dextran 38800 with different compositions. As
shown in Table 1, most of rhil-2 was partitioned into
dextran-rich bottom phase (ie. K<«1). This might have
resulted from the observed lower solubility of SDS-free
rhil-2 in PEG-based aqueous two-phase systems. In
view that most high molecular-weight proteins as well
as cell debris tend to partition to the bottom phase (1),
it would be desirable to partition rhIL-2 to the top phase
for obtaining a high degree of recovery. In order to exa-
mine the partitioning of rhlL-2/SDS compler. in aqueous
two-phase system, the effect of SDS—a solubilizing agent
for the inclusion bodies—on the partitioning of proteins
was investigated.

Effect of SDS on Partitioning of BSA and rhIL-2

Prior to investigating the effect of SDS on rhIL-2 parti-
tioning in PEG/dextran two-phase system, we examined
the partitioning of bovine serum albumin(BSA) in the
presence of SDS. Fig. 1 shows the results for separate
partitioning experiments of BSA and SDS in PEG 8000
(5%)-dextran 38800 (7%) aqueous two-phase system,
While BSA was partitioned mainly to the dextran-rich
bottom phase, SDS was partitioned to the top phase
with a partition coefficient of 1.8-1.9 all over the range
of pH. In view that the partition coefficient of SDS was
greater than that of BSA, the addition of SDS to BSA
solution was expected to promote the partitioning of
BSA to the top phase. In the next experiment the effect
of SDS on BSA partitioning was examined by changing
the amount of SDS at pH 5.8. As shown in Fig. 2, both
the partition coefficient and the recovery vield of BSA
at the top phase were increased along with increasing
the ratio of SDS t6 BSA, which indicates that SDS grea-
tly affects the partitioning of proteins in the aqueous
two-phase system.

In the next experiment, the effect of SDS on the parti-
tioning of rhlL-2 was examined. In this experiment, SDS
was added to the suspension of insoluble proteins aggre-
gates(12.5 mg/ml) which were obtained from the lysate
of recombinant E. coli following the methods described
in Materials and Methods. After standing the mixtures
overnight to solubilize the insoluble proteins, the mixtu-
res containing the final protein concentration of about
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Fig. 1. Partition coefficients of bovine serum albumin
(®) and sodium dodecyl sulfate (B) in the PEG 8000
(5%)-dextran 38800 (7%) aqueous two-phase system
at the various pH.
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Fig. 2. Effects of sodium dodecyl sulfate (SDS) on the
partitioning and recovery yield of bovine serum al-
bumin (BSA) in PEG 8000(5%)-dextran 38800 (7%)
aqueous two-phase system at pH 5.8.

Changes of partition coefficient (O) and recovery yield(®)
at the top phase are shown as a function of the ratio of
SDS to total protein (w/w).

3.0 mg/ml were partitioned into PEG/dextran aqueous
two-phase system.

Fig. 3 shows the results of the partitioning of rhil-
2 in the presence of SDS. The partition coefficient of
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the SDS-treated rhlL-2 was remarkably increased as
compared to that of rhIL-2 without SDS, showing higher
values with the increasing ratic of SDS to protein at
the acidic to neutral condition. When the ratic of SDS
to the insoluble protein was 2.0, for example, the parti-
tion coefficient of rhil-2 at pH 6.8 was 4.5 and the
recovery vield at the top phase reached 88%. Partition
coefficient of rhlL-2 was even higher than that of pure
SDS (1.8-1.9). Increased partitioning of the rhIL-2 to
the top phase seemed to result from the enhancement
of mobility by binding of SDS to the protein in addition
to the increase in the solubility of rhIL-2 by SDS. The
partition coefficient of rhIL-2 at the alkaline pH was
similar irrespective of the ratio of SDS to protein. This
might be due to the reduction of the electrostatic interac-
tion between rhIL-2 and SDS as the net charge of both
rhiL-2 and SDS becomes negative at the pH values
higher than the isoelectric point of rhIL-2(pI=7.7) {16).

Results of SDS-PAGE of proteins at the top and bot-
tom phases show that high molecular-weight E. coli pro-
teins were mainly partitioned to the bottom phase (Fig.
4). From densitometric scanning of the gel, it was found
that the rhlL-2 content of the total insoluble protein
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Fig. 3. Effect of SDS on the partitioning of rhIL-2 in
PEG 8000 (5%)-dextran 38800 (7%) aqueous two-
phase system after solubilization of insoluble pro-
teins.

(O}, SDS/total protein(w/w)=1.0; (@) SDS/total protein
(w/w)=20.
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Fig. 4. Analysis of partitioning of thIL-2 by SDS polyacrylamide gel electrophoresis.
The numbers in the ordinate and abscissa represent the molecular weight of marker proteins and pH of partitioning experiment,
respectively (M.P;; marker proteins, upward arrows; control samples before application to the aqueous two-phase partitioning).
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Fig. 5. Effect of SDS on the partitioning of rhIL-2 and
total intracellular proteins in PEG 8000 (5%)-dextran
38800 (7%) aqueous two-phase system.

(©), thil-2; (@), total intracellular proteins.

at the top phase reached 30-36%, which corresponds
to about 1.5-fold enrichment.

Single Step Recovery of rhIL-2 from Recombi-
nant Cells

Previously, the solubilized rhIL-2 has been obtained
by three-step processing: cell disruption, extraction with
urea, and solubilization by SDS. Due to the repeated
use of centrifugation, washing and resuspension at each
step, less than 50% of initial rhiL-2 was recovered during
this operation (20). Since a high dose of SDS could
efficiently disrupt the cell wall, we further examined the
feasibility of simultaneous cell disruption and solubiliza-
tion of rhIL-2 with SDS in order to reduce the processing
steps. Based on the results in the preceding section, twice
the amount of SDS to the total intracellular proteins
of recombinant E. coli cells was added directly to the
recombinant cells harvested from the culture broth. By
this simple treatment with SDS, we were able to obtain
more than 90% of total rhil.-2 quantity in the cell. When
the supematant of cell lysates was added to the PEG/de-
xtran aqueous two-phase system, rhlL-2 was partitioned
to the PEG-rich top phase with the partition coefficient
of 25 to 3.0 in the acidic to neutral region, and the
recovery yield of rhlL-2 at the top phase was more than
80% (Fig. 5). In addition, the partition coefficient of rhiL-
2 was found to be much higher than that of other pro-
teins. Fig. 6 shows that the rhIL-2 content at the top
phase is about 1.5-fold higher as compared to the initial
rthlL-2 content {10.2%), indicating relatively specific inf-
luence of SDS on the rhiL-2 partitioning. Although the
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Fig. 6. Changes in rhiL-2 content after aqueous two-
phase partitioning. Recombinant cells were treated
with SDS and total lysates were applied to the PEG
8000-dextran 38800 aqueous two-phase system.
Dotted line indicates the rhiL-2 content of cell lysate before
application to the aqueous two-phase partitioning. (O), thiL-
2 content at the top phase; (@) rhil-2 content at the bottom
phase.

difference in partitioning of rhiL-2 and other proteins
in the presence of SDS can not be explained in detail,
it appears that in the presence of SDS lower molecular-
weight proteins could be partitioned more effectively as
compared to higher molecular-weight proteins.

In conclusion, by treating the recombinant cells with
SDS directly and by pattitioning the resulting cell lysate
in PEG/dextran aqueous two phase, we were able to
recover rhlL-2 via a single-step processing with a reco-
very vield of more than 80%. Also, the purification factor
was 1.5-fold enhanced by applying this method. Since
the appropriate selection of PEG-derivatives in the
aqueous two-phase system can enhance the purification
factor (5,7,10), further study on affinity partitioning
could enable us to develop a more efficient method
for the purification of recombinant proteins usually
formed as inclusion bodies.
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