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Abstract

The group contribution model, UNIFAC-NRF, was applied for correlation of partition coefficient of proteins. This model was

already developed for aqueous two phase of (polymer + salt) systems. The protein molecules were divided into some patches

assumed to have interaction with the other species in aqueous (polymer + salt) systems. The binary interaction parameters were used

for prediction of protein partitioning in aqueous two phase systems. These parameters were obtained by correlating the binary elec-

trolyte solution and ternary aqueous two phase systems. The results of UNIFAC-NRF model are in a very good agreement with the

experimental data for partitioning of lysozyme in both (PEG + K2HPO4 + water) and (PEG + Na2SO4 + water) systems at different

pHs. The comparison of the results, which were obtained by both UNIFAC-NRF and the VERS models, shows that the present

group contribution model can correlate the partitioning of protein in ATPS better than the VERS model.
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1. Introduction

Aqueous two phase extraction systems are used for

separation, concentrating and purification of proteins,

cell organelles and other biological products. Aqueous

two phase systems are particularly suited for separation

and purification of proteins from crude material like cell

extracts, fermentation broth, and culture filtrate. Beijer-
inck [1] first reported the liquid phase separation in such

systems as early as in 1896. In 1956, Albertsson [2] based

the separation and purification of a wide range of differ-

ent biological materials such as proteins, viruses, DNA,

etc. In recent years, many researchers investigated the

separation of proteins and the other biomolecules. Kula

et al. [3–5] have developed a number of protocols for

protein extraction and purification in aqueous two

phase systems. Huddleston and Lyddiatt [6–9] have

investigated the recovery of proteins in these systems

and studied the effect of parameters such as pH and pol-

ymer concentration on partitioning of proteins. Asenjo
and co-workers investigated the partitioning of a-amy-

lase, subtilisin, trypsin inhibitor and some enzymes in

aqueous two phase systems of (PEG + phosphate). They

have also investigated the effect of NaCl salt on parti-

tioning in these systems [10–13]. Haghtalab et al. [19]

investigated the partitioning of lysozyme, bovine serum

albumin and a-amylase in aqueous two phase systems of

(PEG + K2HPO4 + water) and (PEG + Na2SO4 +
water) at T = 298.15 K and the effects of pH and salt

concentration on protein partitioning were also studied.
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Kaul et al. [14] studied the kinetic of phase separation

for these systems. The application of these systems for

the extraction of recombinant proteins was also devel-

oped [15,16]. Walter and Johansson [17] reviewed pro-

tein partitioning using aqueous two phase systems.

For the design of such extraction processes, a thermo-
dynamic model for correlating/predicting (liquid + liq-

uid) equilibria is of great importance. Such models can

only be developed and tested if sufficient experimental

data on well-defined model systems are available. How-

ever, the experimental data for protein partitioning are

insufficient and the effect of important parameters such

as pH on protein partitioning has not been investigated

very well. To model partitioning of proteins, it is neces-
sary to contribute the electrostatic interaction between

molecules of proteins and other species in aqueous solu-

tion. The protein molecules behave as a charged species

and the net charge of protein molecule has a significant

effect on protein partitioning. The globular structure of

proteins results in nonuniformity of the distribution of

charges on the surface of protein molecules so, their

thermodynamic behavior in aqueous solution is more
complicated than are the other ionic fluids. In this work

the UNIFAC-NRF model, which was proposed for

aqueous two phase system of (PEG + salt + water) sys-

tem, was extended for partitioning lysozyme [18]. The

protein molecule was considered to consist of some

patches, with charged or neutral species. The variation

of protein net charge number was also studied at differ-

ent pH values, and the number of charged groups was
related to the net charge number of protein. Haghtalab

et al. extended the VERS model for correlating protein

partitioning in the aqueous two phase systems of

(PEG + K2HPO4 + water) and (PEG + Na2SO4 +

water) at T = 298.15 K with different pH and salt con-

centration[19]. Recently, Haghtalab and Mokhtarani

[18] developed the UNIFAC-NRF model for correlation

of phase partitioning in these aqueous two phase sys-
tems. In this work, this model was extended for protein

partitioning in such aqueous two phase systems and the

results of present moded compared with VERS model.

2. Thermodynamic framework

It was shown in previous work [18], that the activity
coefficient of component ‘‘i’’ can be expressed as sum

of two contributions:

ln ci ¼ ln cDH
i þ ln cUNIFAC-NRF

i ; ð1Þ
where the first term accounts for the contribution of
long-range electrostatic interactions and the second

term denotes the contribution of local composition

based on the UNIFAC-NRF equation. The UNI-

FAC-NRF activity coefficient of component i can be

written as

ln cUNIFAC-NRF
i ¼ ln cCi þ ln cRi ; ð2Þ

where the terms on the right-hand side are the com-

binatorial and residual parts of UNIFAC-NRF

model. The combinatorial activity coefficient is

presented as

ln cCi ¼ ln
/i

xi

� �
þ zqi

2
ln

hi
/i

þ li �
/i

xi

� �Xn

j¼1

ðxjljÞ; ð3Þ

where /i and hi are the volume and area fractions of

molecule i, respectively. The residual part of UNI-

FAC-NRF can be written as

ln cRi ¼
X

vðiÞk � lnCk � lnCðiÞ
k

h i
; ð4Þ

where mðiÞk is the number of group k in molecule i, Ck and
CðiÞ

k are the activity coefficient of group k in the mixture

and solution of pure molecules i, respectively. The activ-

ity coefficient of the group using UNIFAC-NRF was

presented as [18]

lnCk ¼ Qk � 1þ ln nkk �
X
j¼1

Hjnkj þ ð1�HkÞ �
X
j 6¼k
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nkk ¼ 1=
X
k 6¼j

for ðionÞ

hjwjk; ð6Þ

Wij ¼ expð�aij=T Þ; ð7Þ

nij ¼ wijnjj; ð8Þ

where aij is the adjustable interaction parameter, Hij and

nij are the local area fraction and non-random factor of

group i, surrounding the central group j, respectively.

The Hi is the surface area fraction of group i, Qk is rel-

ative surface area parameter and Xk is the mole fraction
of group k.

For the contribution of long-range interactions to the

excess Gibbs free energy, the unsymmetrical normaliza-

tion is used; it is necessary to normalize the contribution

due to short-range interactions on the same basis. Thus,

we may use

ln c�i ¼ ln ci � ln c1i ; ð9Þ
where c1 is the activity coefficient at infinite dilution

and can be derived from the boundary conditions at

xs ! 0, xp ! 0, xw ! 1 as the following:

ln c1i ¼ ln
ri
rw

þ 5qk � ln
qirw
riqw

þ li �
ri
rw

� lwþX
k

mðiÞk Qk ð1þ lnwkw � wkwÞ � lnCðiÞ
k

h i
: ð10Þ
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