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Abstract

The partitioning of model proteins (bovine serum albumin, ovalbumin, trypsin and lysozyme) was assayed in aqueous two-phase systems formed
by a salt (potassium phosphate, sodium sulfate and ammonium sulfate) and a mixture of two polyethyleneglycols of different molecular mass. The
ratio between the PEG masses in the mixtures was changed in order to obtain different polymer average molecular mass. The effect of polymer
molecular mass and polydispersivity on the protein partition coefficient was studied. The relationship between the logarithm of the protein partition
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oefficient and the average molecular mass of the phase-forming polymer was found to depend on the polyethyleneglycol molecula
alt type in the bottom phase and the molecular weight of the partitioned protein. The polymer polydispersivity proved to be a very us
ncrease the separation between two proteins having similar isoelectrical point.
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. Introduction

Aqueous two-phase systems have been successfully used
or the separation and purification of proteins because of their
dvantages as regards the traditional methods. These systems
ave good resolution, a high yield and are easy to scale up[1].
ue to the high water content of the two phases (80–90%, w/w)
nd the low interfacial tension between them, the two phases
re mild and they are not deleterious to labile structures, thus

ncreasing the protein thermodynamic stability.
The macromolecule partition coefficient depends on many

ariables such as: hydrophobicity, molecular mass and concen-
ration of the macromolecule and the flexible chain polymers,
acromolecule net electrical charge, temperature, etc.[2]. The
ddition of salts and the change of pH or ionic strength have
ften been used to alter the partitioning of a biomolecule and

Abbreviations: BSA, bovine serum albumin; OVA, ovalbumin; LYS,
ysozyme; TRY, trypsin; PEG600, PEG1500, PEG4000 and PEG8000, as
olyethyleneglycol of average molecular mass 600, 1500, 4000 and 8000,
espectively;Mw, average molecular mass; ATPS, aqueous two-phase system

improve the selectivity of the two-phase extraction. Howe
when the proteins to be isolated have similar properties
as isoelectric point value, molecular mass or hydrophobic
significant difference in their partition coefficients is not ea
available.

The influence of the molecular mass of the flexible poly
on the protein partitioning has been well reported[3]. In gen-
eral, the polymer molecular mass increase induces the p
transfer to the phase where the polymer is present at the
concentration. This partitioning behaviour is governed by
combination of different factors such as an exclusion effe
the polymer from the protein domain and the forces involve
the polymer–protein interaction.

The polymer solutions are not of a single molecular we
(monodispersed) since they content molecules of a ran
molecular weights (polydispersed). The polydispersivity pa
eter of a polymer sample is given by the ratio between the we
average molecular weight and the number-average mole
weight. When molecular weights of a polymer are narrowly
tributed the polydispersivity parameter adopts values nea
unity and the polymer can be considered monodispersed.
∗ Corresponding author. Tel.: +54 3414572190.
E-mail address: bnerli@fbioyf.unr.edu.ar (B. Nerli).

study of the phase equilibrium of polymer solutions, polydis-
perse systems are usually treated as monodisperse systems with
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averaged distributed intensive properties such as the average
molecular mass. However, there are important differences; for
example, the sharp phase boundaries found in monodisperse
mixtures are not found in disperse systems. Kang and Sandler
[4] have developed a thermodynamical treatment to predict the
effect of polydispersivity on binodal diagram compositions for
a polyethyleneglycol/dextran system. They found that polymer
polydispersivity increased the liquid–liquid inmiscible region
and induced a polymer fractionation with larger PEG molecules
tending to remain in the top phase while the smallest ones tend-
ing to remain in the bottom phase. However, at present, the
molecular mass polydispersivity is a variable whose effect on
the protein partition coefficient has not yet been explored.

In a previous work[5], we have isolated alpha-1-antitrypsin
from human serum plasma and separated it from albumin,
the most abundant plasma protein (albumin/antitrypsin con-
centration ratio 20:1) by using partitioning in aqueous two-
phase system of polyethyleneglycol-phosphate. In a system of
polyethyleneglycol 600-phosphate both proteins have a ten-
dency to be partitioned to the polymer-rich phase, while in
a system formed by polyethyleneglycol 1000-phosphate, both
proteins tend to go to the phosphate-rich phase. However, a
selective separation between the partitioning coefficient values
of both proteins was observed for a system formed by phosphate
and a mixture of PEG600 and PEG1000.

In this study, the effect of the polyethyleneglycol molec-
u t of
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overnight at 8◦C. After phase separation, 1 g of each phase was
mixed to reconstitute several two-phase systems in which the
protein partition was assayed. In order to speed up phase sepa-
ration, low-speed centrifugation was used after a gentle mixing
of the system components[1,2].

2.3. Determination of the protein partition coefficient (Kp)

Protein partitioning was analysed by dissolving increasing
amounts of proteins (2–10�M of total concentration) in the two-
phase preformed systems containing 1 ml of each equilibrated
phase. The aliquots of protein stock solution (1000�M) added
to the system varied from 5 to 20�L, the total volume change
of each phase being negligible. After mixing by inversion for
30 min and leaving it to settle for at least 1 h, the system was
centrifuged at low speed for the two-phase separation. Samples
were withdrawn from the separated phases, and after dilution,
the protein content in each phase was determined by measuring
the absorbance at 280 nm. Equally diluted samples from iden-
tical phase systems without protein were used as blanks, which
had been prepared in parallel. The partition coefficient (Kp) was
defined as:

Kp = [P]top

[P]bottom
(1)
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lar mass and polydispersivity on the partition coefficien
odel proteins has been examined so as to apply this va

o improve the selectivity of the aqueous two-phase system

. Materials and methods

.1. Chemicals

Polyethyleneglycols of the following average molecu
asses: 600 (PEG600), 1500 (PEG1500), 4000 (PEG4000
000 (PEG8000), bovine serum albumin (BSA), trypsin (TR
valbumin (OVA) and lysozyme (LYS) were purchased fr
igma Chem. Co. and used without further purification.

.2. Preparation of the aqueous two-phase systems

Biphasic systems were prepared by a mixture of two P
f different molecular mass and an inorganic salt (potas
hosphate, ammonium sulfate or sodium sulfate). To pre
queous two-phase systems, stock solutions of the phase c
ents: polymers 40% (w/w), potassium phosphate, pH 7.0,
w/w) were mixed in order to obtain a total system compos
f PEG 13.6% (w/w) and salt 13.2% (w/w) (see Section2.4).
odium sulfate or ammonium sulfate was employed by we

ng the solid form. The medium pH of PEG-ammonium sul
TPSs was 5.60 (given by the ammonium proteolysis) while

he sodium sulfate ATPSs, it was adjusted to 7.00 by the
ion of a 100 mM buffer solution of sodium phosphate. Syst
f 40 g each (PEG-potassium phosphate, PEG sodium s
nd PEG-ammonium sulfate systems) were prepared, stirr
h for equilibration and the phases were then allowed to s
le
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here [P]top and [P]bottom are the equilibrium concentratio
f the partitioned protein in the PEG (top) and salt (bott
nriched phases, respectively. In the assayed protein co

ration range, a plot of [P]top versus [P]bottom showed linea
ehaviour, theKp value being its slope. All the operations w
arried out at 8◦C.

.4. Composition of assayed aqueous two-phase systems
ith different PEG average molecular mass

To evaluate the effect of polymer polydispersivity on pro
artitioning behaviour, different groups of two-phase syst
ere used (A–D). Each group was prepared with two P
f different molecular mass (PEG(A) and PEG(B)) and an inor
anic salt. Within the group, different PEG compositions w
btained by increasing the amount of one of the PEGs
ecreasing the amount of the other polymer in parallel, the
ass of PEG and salt remaining constant.xPEG(A) andxPEG(B)

tand for the feed compositions in mass fraction of each PE
he mixture:

PEG(A) = mPEG(A)

mPEG(A) + mPEG(B)
,

PEG(B) = mPEG(B)

mPEG(A) + mPEG(B)
(2)

Therefore, the weight-average molecular massMw can be
alculated according to:

w = MPEG(A)xPEG(A) + MPEG(B)xPEG(B),

w = (MPEG(A) − MPEG(B))xPEG(A) + MPEG(B) (3)
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Table 1
Composition of different SBAs

System A: Mixtures of PEG600 and PEG1500
PEG600 (%, w/w) 13.47 12.12 9.43 8.08 6.73 5.12 2.69 1.89 0
PEG1500 (%, w/w) 0 1.35 4.04 5.39 6.73 8.35 10.78 11.58 13.47
Mw 600 690 870 960 1050 1158 1320 1374 1500

System B: Mixtures of PEG1500 and PEG4000
PEG1500 (%, w/w) 13.47 12.12 9.43 8.08 6.73 5.12 2.69 1.89 0
PEG4000 (%, w/w) 0 1.35 4.04 5.39 6.73 8.35 10.78 11.58 13.47
Mw 1500 1750 2250 2500 2750 3050 3500 3650 4000

System C: Mixtures of PEG4000 and PEG8000
PEG4000 (%, w/w) 13.60 11.69 10.88 8.16 6.80 5.44 4.08 1.36 0
PEG8000 (%, w/w) 0 1.90 2.72 5.44 6.80 8.16 9.52 12.24 13.60
Mw 4000 4560 4800 5600 6000 6400 6800 7600 8000

System D: Mixtures of PEG600 and PEG4000
PEG600 (%, w/w) 15.00 14.44 14.21 13.41 13.01 12.62 12.22 11.42 11.03
PEG4000 (%, w/w) 0 0.56 0.76 1.59 1.99 2.38 2.78 3.58 3.94
Mw 600 727 772 960 1050 1140 1230 1410 1495

Potassium phosphate total concentration is 13.2% (w/w) in all the assayed systems.

whereMPEG(A)andMPEG(B)are the average molecular masses of
narrow standard polyethyleneglycol fractions, thus considered
monodisperse systems. It should be noted that the feeds of all
the assayed systems have the same total PEG concentration but
a different average molecular mass.Table 1shows the employed
range of PEGs compositions and the correspondingMw.

3. Results and discussion

3.1. Protein partitioning in PEG-potassium phosphate
system

Fig. 1shows the influence of the relative composition of PEG
mixture of average molecular mass between 600 and 1500 on
the partition coefficient of four model proteins. A decrease ofKp
can be seen when the PEG molecular mass increases for all the
assayed proteins in agreement with the predicted effect of the
polymer molecular mass on the protein partitioning. The lnKp
change withMw followed a linear behaviour for the smallest pro-

F n the
P 0 an
P

teins (LYS, TRY and OVA), while a non linear function showed
to be the best fitting for BSA partitioning patterns.

Fig. 2 shows the dependence of lnKp on theMw for PEG
mixtures when the molecular mass varies from 1500 to 4000. The
data fitting showed that there is a non-linear relationship for BSA
and TRY, while OVA and LYS showed a linear behavior when
changing PEG molecular mass. The linear dependence of lnKp
on the PEG average molecular mass suggests that the free energy
change (�G◦) for the protein transfer between the phases is a
direct function of the PEG average molecular mass in the mixture
(see that�G◦ =−RT ln Kp). As a result of this behaviour, the
two PEGs interact with OVA and LYS in a different way and
the proportion of each polymer in the mixture will influence the
proteinKp. OVA showed an anomalous behaviour because its
Kp increased with the increase of the average PEG molecular
mass.

Fig. 3shows a significant decrease of BSAKp at increasing
PEG average molecular mass in systems formed by mixtures
of PEG4000 and PEG8000,Kp of OVA and TRY decreased

F n the
P 0 and
P

ig. 1. Dependence of the partitioning behaviour of several proteins o
EG average molecular mass. ATPSs formed by a mixture of PEG60
EG1500–phosphate, pH 7.0 (see composition inTable 1). Temperature 8◦C.
d
ig. 2. Dependence of the partitioning behaviour of several proteins o
EG average molecular mass. ATPSs formed by a mixture of PEG150
EG4000–phosphate, pH 7.0 (see composition inTable 1). Temperature 8◦C.
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Fig. 3. Dependence of the partitioning behaviour of several proteins on the
PEG average molecular mass. ATPSs formed by a mixture of PEG4000 and
PEG8000–phosphate, pH 7.0 (see composition inTable 1). Temperature 8◦C.

slightly, while LYS showed the opposite effect. This last behav-
ior, observed for the partitioning of other proteins in aqueous
biphasic systems, may be due to the low molecular mass and
hydrophobicity of LYS[6].

The former results demonstrate that there is not a general rule
for the behaviour of the four assayed proteins in the three PEG
mixtures (A–C). One of the reasons could be the different spa-
cial conformation that PEGs of different molecular mass adopt in
solution[7], which leads to a differential polymer-protein inter-
action according to the relative composition of the PEG mixture.
To support this possibility, systems with the same average molec-
ular mass as system A but formed by mixtures of PEG600 and
PEG4000 were assayed (see system D inTable 1).

Fig. 4 shows the partition coefficient of LYS and TRY in
ATPSs of similar PEG average molecular mass but different PEG
composition. For both LYS and TRY, theKp values observed in
system D are lower than those corresponding to system A. This
finding is a proof that the effect of PEG molecular mass on the

F S.
( 0 (s
c of
P
7

Fig. 5. Dependence of the partitioning behaviour of several proteins on the
PEG average molecular mass. ATPSs formed by a mixture of PEG1500 and
PEG4000–ammonium sulfate, pH 5.6. Temperature 8◦C.

proteinKp is not exclusively the result of the averageMw value
according to the excluded volume theory[8]. Hartounian and
Sandler[9] have shown that the average molecular mass of a
polymer in the two phases are quite different, the polydispersity
parameter of a polymer being lesser than in the feed. Therefore,
the largest PEG molecules (molecular mass 4000) concentrate
in the top phase while the smallest PEG molecules concentrate
in the bottom phase. As a consequence, the average molecular
mass in the top phase of system D will be larger than the poly-
mer average molecular mass in the A systems, thus inducing
a displacement of the protein partitioning equilibria to the bot-
tom phase due to an exclusion effect. This behaviour was found
to depend on the PEG average molecular mass, the largest dis-
placement being observed for systems of higher PEG molecular
mass.

3.2. Protein partitioning in other PEG-salt systems

PEG sodium sulfate and PEG-ammonium sulfate are aqueous
two-phase systems widely used in the isolation and purifica-
tion of proteins. Since most used ATPSs are formed by the
former salts and PEGs of molecular mass 1500 and 4000,
we selected this molecular mass range (1500–4000) to com-
pare their results with those obtained from the PEG-phosphate
system.

pro-
.6

ree
at
rease
hos-

nium
ig. 4. Effect of polydispersivity on the partition coefficient of TRY and LY
A) ATPSs formed by phosphate and a mixture of PEG600 and PEG150
ompositions inTable 1). (D) ATPSs formed by phosphate and a mixture
EG600 and PEG4000 (see compositions inTable 1). Temperature 8◦C, pH
.0.
ee

3.2.1. PEG1500–4000/ammonium sulfate system
This system is frequently used in the isolation of several

teins by the partitioning method[10]. The system pH value 5
is given by the concentrated ammonium sulfate solution.Fig. 5
shows a non-linear relationship between the lnKp andMw for
LYS, while a linear relationship is observed for the other th
proteins. For BSA, an increase in theKp values is observed
increasing PEG average molecular mass while a slight dec
is observed for the other proteins. In PEG/potassium p
phate ATPSs (system A) higher slope values (∂ln Kp/∂Mw) were
obtained with respect to those observed for PEG/ammo
sulfate ATPSs (seeTables 2 and 3).



290 G. Picó et al. / J. Chromatogr. B 830 (2006) 286–292

Table 2
Values of the∂ln Kp/∂Mw for ATPSs PEG/potassium phosphate, calculated fromFigs. 1–3

Protein ATPS

System A (PEG600/PEG1500) System B (PEG1500/PEG4000) System C (PEG4000/PEG8000)

∂ln Kp/∂Mw

BSA Non linear Non linear Non linear
OVA (−2.9± 0.2)× 10−3 (0.63± 0.05)× 10−3 (−0.16± 0.01)× 10−3

TRY (−0.78± 0.02)× 10−3 Non linear Non linear
LYS (−0.44± 0.06)× 10−3 (−0.42± 0.06)× 10−3 (0.26± 0.03)× 10−3

Table 3
Values of the∂ln Kp/∂Mw for ATPSs PEG/ammonium sulfate and PEG/sodium
sulfate, calculated from Figs 5 and 6

Protein ATPS

PEG/ammonium sulfate PEG/sodium sulfate

∂ln Kp/∂Mw

BSA (0.38± 0.04)× 10−3 (0.21± 0.05)× 10−3

OVA (−0.26± 0.05)× 10−3 Non linear
TRY (−0.19± 0.03)× 10−3 (0.18± 0.02)× 10−3

LYS Non linear (−0.22± 0.04)× 10−3

3.2.2. PEG1500–4000/sodium sulfate system
Fig. 6 summarizes the effect of PEG molecular mass on

the protein partitioning in a PEG/sodium sulfate system at pH
7.0. The lnKp versusMw relationship was non linear for OVA,
while the other protein yielded a linear relationship.Kp for TRY
and BSA showed an increase at increasing average molecular
mass, while LYS showed the opposite effect. For all the pro-
teins, the slope values were lower than those corresponding to
PEG/potassium phosphate ATPSs (seeTables 2 and 3).

3.3. How the PEG molecular mass affects the recovery of a
protein in one of the phases

The aim of a successful protein extraction by ATPSs is to
find a suitable phase system where the selective separation
achieved with the best yield. In this way, the molecular mass

F n the
P 0 an
P

effect of PEG onKp must be studied for a target protein and
its impurities. Sometimes the best theoretical yield is reached
for an average PEG molecular mass which is not commercially
available. For example, Mayerhoff et al.[11] studied the extrac-
tion of a reductase by using a yield function which depended on
the PEG molecular mass and the tie line values. These authors
found that the best yield was obtained for PEG of molecular
mass 744. Obviously, this PEG is not commercially available,
however, this problem can be solved using a mixture of two
PEGs of differentMw with the appropriate mass composition in
order to obtain theMw value.

From a visual inspection ofFig. 1, the largestKp difference
between OVA and LYS, OVA and TRY or TRY and LYS in
PEG600–PEG1500 ATPSs (system A) can be seen for systems
prepared with a single PEG (extreme systems). On the other
hand, the maximal difference between theKp values for TRY,
LYS and OVA with respect to BSA is reached for systems formed
by an appropriate mixture of PEGs, which shows that these
systems have the highest separation capability. The theoretical
protein yield of a given protein (i.e. protein A) in the top phase
after only one partition step from a mixture of identical quan-
tities of two proteins (A and B) can be calculated according to
[12]:

yA(top) (%) = 100RKp,A

1 + RKp,A
(4)

w se
v
p in A
a s:

P
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t
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ig. 6. Dependence of the partitioning behaviour of several proteins o
EG average molecular mass. ATPSs formed by a mixture of PEG150
EG4000–sodium sulfate, pH 7.0. Temperature 8◦C.
is

d

here R = VT/VB, VB and VT are the bottom and top pha
olumes, respectively (see thatyA(bottom) is 100− yA(top)). The
rotein A purity, thus the ratio between the content of prote
nd the total protein in a given phase, can be calculated a

A (%) = 100yA

yA + yB
(5)

It must be taken into account that within a phasePA plusPB
s 100%.

Fig. 7shows the dependence of the theoretical BSA puri
he top phase onMw for three mixtures: BSA/OVA, BSA/TRY
nd BSA/LYS. TheVT/VB was assumed to be one. Syste
f approximately 1200 average molecular mass can be se
ave the best separating capability for mixtures of BSA
YS and TRY and systems with PEG average molecular
f 1400 separate mixtures OVA/BSA. Those systems that a

he maximal purity value for a given protein in the top ph
ill allow us to obtain the maximal purification factor of

mpurity in the bottom phase. ATPSs provide maximal pu
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Fig. 7. Dependence of the calculated BSA purity in the top phase on the PEG
average molecular mass for three binary mixtures: BSA/OVA, BSA/TRY and
BSA/LYS. Assumptions:VT/VB equal to one, only one partition step and the
mixtures formed by identical quantities of the two proteins. ATPSs formed by
phosphate and a mixture of PEG600 and PEG1500, pH 7.0. Temperature 8◦C.

for intermediate PEG molecular mass as consequence of the
non-linear behaviour of lnKp versusMw, i.e. the dependence of
the∂ln Kp/∂Mw value withMw.

The effect of PEG molecular mass on the partitioning of pro-
teins have been studied by several authors[13]. Forciniti and
coworkers[3,6] studied the partitioning of lysine, chymotrypsin
and bovine albumin in a system of PEG (Mw 4000–20,000)-
dextran (500,000) and found that the increase of the PEG molec
ular mass induces a protein transfer to the PEG rich phase. Th
Kp for the smallest protein such as LYS proved to be poorly
affected by theMw change, while the BSA partitioning was four
fold decreased when theMw varied from 4000 to 20,000. Sim-
ilar behaviours were observed for most of the assayed protein
in this work with the exception of OVA and LYS in systems B
and C.

Albertsson[14] applied the Flory Huggins theory to predict
the change of lnKp with polymer molecular mass (holding phase
composition constant) yielding the following equation:

ln Kp,PEGMw1 − ln Kp,PEGMw2 = Mw,protC

(
1

Mw1
− 1

Mw2

)

(6)

whereKp,PEGMw1 andKp,PEGMw2 are the partition coefficients
of the protein in systems formed by PEG ofMw1 and Mw2
m e
c bot
t
d ct
w us,
t es in
p d
t poo
e PSs
o TRY
a en
t

One of the reasons could be that Eq.(6)was derived consider-
ing only the effect of the molecular mass change of the polymer
in the density number of one of the phases and assuming that
the enthalpic contributions are independent of PEG molecular
mass. Baskir et al.[15] stated that the protein partition is driven
by not only an entropic mechanim but by enthalpic effects as
well. According to Pićo and coworkers[16], from a molecular
point of view, PEG of low molecular mass may interacts strongly
with proteins while PEGs of higher molecular mass have abil-
ity to form intra molecular bonds. The protein transfer to one
of the phases requires the breaking of the interaction between
the phase components to create a cavity where the protein will
be included. Therefore, the energy balance can be negative or
positive according to whether protein/polymer interactions are
attractive or repulsive, thus it depends on the PEG molecular
mass[14]. The PEG-salt interaction must also be considered,
for example, in the PEG/phosphate system, due to the repul-
sion between the PEG and phosphate molecules, the PEG phase
has higher self energy than the phosphate phase. The interaction
PEG-sulphate medium is more stronger than the PEG-phosphate
interaction, hence, it is easier for a protein to get into the PEG-
sulfate phase than to a PEG-phosphate phase.

Another reason for anomalous behaviour of some of assayed
proteins may be the polydispersivity of the systems. In prac-
tise, flexible polymer chains are more or less polydisperse in
molecular mass, depending on their origin. The commercial dex-
t h the
i ducts
f and,
P con-
s mass
d er-
a ass in
p stems
a es
b mple,
t perse
m rsed
s rger
P way,
w osition
a iour.
F
u 374
a stems
o
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te the
t that
p ing
p ulated
t een
t hoice
o mass
o two
olecular mass, respectively andC is a constant given by th
oncentration of PEG in the top phase minus that in the
om. Eq. (6) predicts that increasing PEGMw will lead to a
ecrease in the proteinKp. Eq. (6) also predicts that the effe
ill increase linearly with the protein molecular mass. Th

he partitioning of large proteins is more sensitive to chang
olymer molecular mass. However, Eq.(6) cannot be applie

o all biphasic systems since it can not explain either the
ffect of the protein molecular mass on the partition for AT
f PEG/sodium sulfate and PEG/ammonium sulfate or the
nd OVA behaviours, whoseKp values slighly increased wh

he PEG molecular mass increased.
-
e

s

-

r

rans are reactives whose polydispersivity increases wit
ncrease in their molecular mass, because they are pro
rom the metabolism of a microorganism. On the other h
EG, which is obtained from industrial synthesis, can be
idered to be monodisperse since its narrow molecular
istribution according to the manufacturer information. Av
ge distributed properties, such as an average molecular m
olymer systems, have been used to treat polydisperse sy
s monodisperse[17]. However, there are important differenc
etween monodisperse and polydisperse systems. For exa

he sharp phase transition boundaries that exist in monodis
ixtures are not found in systems containing polydispe

pecies. Moreover, a PEG fractionation occurs with the la
EG molecules tending to remain in the top phase. In this
hen PEG average molecular mass changes, phase comp
lso changes, thus affecting the protein partitioning behav
rom inspection ofFig. 4, small differences between theKp val-
es of TRY and LYS for ATPSs (system A) of 1158 and 1
verage molecular mass are enhanced and inverted in sy
f similar Mw but higher polidispersivity (system D).

. Conclusion

In bioseparation processes, partitioning is used to separa
arget species from unwanted impurities We demonstrated
olymer molecular mass and polydispersivity of phase-form
olymers are parameters of the system that can be manip

o maximize the differences in the partition coefficient betw
arget protein and impurities. Our results showed that the c
f the adequate system (in polydispersivity and molecular
f the polymers) led to an efficient separation of mixtures of
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proteins with similar isoelectrical point such as OVA/BSA and
TRY/LYS.
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