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Abstract

The dynamic viscosities of aqueous polyethylene glycol, aqueous bovine serum albumin, and polyethylene glycol-bovine serum albumin—
water solutions were measured at temperatures of 15, 20, 25, 30 a@dRbestimate the viscosity values of polyethylene glycol-bovine serum
albumin—water solutions, a one parameter Grunberg-like model which was satisfactorily used earlier by the present author for polyethylene
glycol-dextran—water solutions was employed. The disposable paranfeteur temperature range was estimated as 3.71. The relative errors
varying from 0.29 to 18.98 in absolute value indicates that the Grunberg-like model works perfectly for polymer-protein solutions as well.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction is continuous or discontinuous. The phase viscosities are
important to design a contactor used in industrial scale ap-
Extraction of biomolecules by making use of aqueous plications where large volumes of phases must be handled
two-phase systems is important simply because it allows theand separated in an efficient manner. Even though the phase
separation and purification of these substances in biocom-yiscosities of aqueous PEG—dextran are highly important,
patible surroundings. Aqueous solutions of two polymers, there have been only a few studies in the literafi2re5].
usually polyethylene glycol (PEG) and dextran, are neces- However, since PEGs has so many applications in the phar-
sary to form the two aqueous phases. There are certain admaceutical, chemical, cosmetic, and food industries, more
vantages of using such systems, &g Below, we shall  viscosity data is available for aqueous PEG solut{6r4.0].
provide a partial list of them so as to make our paper amore  Aqueous two-phase systems can also be obtained by com-
self-contained one. bining an aqueous solution of a protein with a polymer. Sys-
(a) Scale-up can be predicted easily and reliably from small tems with one phase consisting of a concentrated protein
laboratory experiments; solution are of interest for using enzymes in a protein-rich
(b) Rap|d mass transfer and equi“brium is reached by rel- environment since it will imitate their natural environment
atively little input of energy in the form of mechanical inside the cell. The opposite phase can be used as a depot

mixing; for the substrate and/or be a recipient for the product. The
(c) Continuous processing is readily achievable; phase equilibria of aqueous two-phase systems containing
(d) The polymers stabilize the enzymes; polyethylene glycol-bovine serum albumin was investigated
(e) Separation can be made selective and rapid; by Johansson ifil1]. The partitioning of some mitochon-
(f) Separation can be carried out at room temperature duedrial enzymes between the phases was also determined. But

to the rapid separation; there seems to be no viscosity data available in the literature
(9) It has proven to be more economical than other separa-for such systems.

tion processes. In this article, our objective is to use a Grunberg-like

] . ) model proposed earlier by the present authof4ifb] to
The process of extraction of biomolecules using two aque- gya|yate the viscosities of systems containing polyethylene
ous phases can be carried out in an apparatus where contagfjycol-bovine serum albumin-water. The evaluation of vis-
cosities of such polymer-protein systems is highly important
E-mail addressufzafer@gazi.edu.tr (U. Giindiiz). because they can be useful as a base of enzyme refctprs
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The simplest form of a binary mixture viscosity equation, Our Grunberg-like equation is a parabolic equation of the

see[12], can be written in the form form

Simixture) = x1.f(n1) + x2.f(2). 1) N Nmixture = c1IN npEG + 2N NBSA + C1024 (2)
" . . where

Such additive equations include only constayits;) and

f(n2) representing the viscosities of the two pure compo- ¢y = — P8¢ . _ _ BSA

nents but have no disposable parameteEdn (1) x1 and CPEG+ CBSA CPEG 1 CBSA

x2 may denote the weight, mole, or volume fractions of ypcsandngsa are, respectively, the dynamic viscosities of
component 1 and component 2, and the viscosity function pEG-water and BSA—water solutiongieg and cgsa are,
J(nmixture) can be taken agor Iny. Grunberd13] modified  respectively, the weight percentages of PEG and BSA in
Eq. (1)by adding a termxixzc, wherec is a constant. solution, andz is a disposable parameter.

Table 1
A comparison of experimental and correlated viscosities calculated &jn¢2) a« = 3.71 for PEG (M 20 000)-bovine serum albumin—water solution.
Viscosities are given in units of mPas

PEG-water BSA-water PEG-BSA-water e
cpeG (%, W/W) NPEG csa (%, W/w) nBSA nﬁf&" ngale
T =15°C
11.0 16.28 1.0 1.23 18.29 17.44 4.64
10.0 13.20 2.0 1.29 14.78 15.01 —-1.59
9.0 11.78 3.0 1.36 13.68 13.78 -0.70
7.0 8.02 6.0 1.59 10.43 9.57 8.22
7.0 8.02 5.0 1.46 10.34 9.72 6.00
7.0 8.02 4.0 1.43 10.14 10.11 0.29
4.0 3.79 8.0 1.87 6.31 5.39 14.50
T = 20°C
11.0 13.92 1.0 1.09 14.25 14.95 —4.88
10.0 11.48 2.0 1.15 12.45 13.11 —-5.30
9.0 9.94 3.0 1.20 11.45 11.74 —-2.52
7.0 6.95 6.0 1.43 9.20 8.43 8.37
7.0 6.95 5.0 1.30 8.18 8.52 —-4.12
7.0 6.95 4.0 1.25 8.67 8.80 —-1.54
4.0 3.45 8.0 1.71 5.80 4.93 14.95
T = 25°C
11.0 11.92 1.0 0.98 12.51 12.85 —-2.77
10.0 9.88 2.0 1.04 10.94 11.36 3.86
9.0 8.45 3.0 1.07 9.97 10.12 -1.52
7.0 5.92 6.0 1.28 7.31 7.35 —0.46
7.0 5.92 5.0 1.17 6.80 7.43 -9.17
7.0 5.92 4.0 1.11 6.72 7.62 —13.37
4.0 3.15 8.0 1.55 5.11 4.48 12.33
T =30°C
11.0 9.37 1.0 0.90 9.80 10.23 —4.45
10.0 8.49 2.0 0.95 9.14 9.87 -8.00
9.0 7.53 3.0 0.99 8.99 9.08 -1.02
7.0 5.02 6.0 1.17 7.11 6.46 9.15
7.0 5.02 5.0 1.05 6.08 6.44 -5.92
7.0 5.02 4.0 1.00 5.56 6.61 —18.98
4.0 2.90 8.0 1.43 4.48 413 7.75
T =35°C
11.0 7.76 1.0 0.81 7.99 8.54 -6.81
10.0 7.20 2.0 0.84 7.71 8.44 -9.47
9.0 6.41 3.0 0.89 7.66 7.84 —-2.41
7.0 4.33 6.0 1.05 6.04 5.67 6.05
7.0 4.33 5.0 0.94 5.47 5.64 -3.10
7.0 4.33 4.0 0.90 4.99 5.78 —15.77

4.0 2.68 8.0 1.26 3.84 3.71 3.44
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Derivation ofEq. (2)can be found irj4]. We only remark ent temperatures and varying relative molecular masses and

here that concentration$5].
Our goal in this work is to check the applicability of
c1+c2=1 Nmixture= nBsa if cpeg=0; Eqg. (2) by evaluating the viscosities of PEG—bovine serum

Nmixture = MPEG  If casa = O. albumin—water solutions.
In [4], Eq. (2) with BSA replaced by Dx was employed
to correlate PEG 8000—dextran 580 000—water mixture vis-

cosities, where the experiments were made at temperature 1. Materials

10°C using equal concentrations of polymers in the range

from 1 to 3.5% (w/w). The efficiency of the model was PEG 20 000 (lot #81300) was purchased from Fluka Com-
also confirmed by considering the same polymers at differ- pany (Buchs, Switzerland), and Bovine serum albumin (lot

2. Experimental

Table 2
A comparison of experimental and correlated viscosities calculated Esjn¢R) with differenta values for PEG (M 20 000)-bovine serum albumin—water
solution. Viscosities are given in units of mPas

PEG-water BSA-water PEG-BSA-water e;
I
cpeG (%, W/W) PEG cBsa (%, W/w) 1BSA e ngale

T = 15°C anda=3.97

11.0 16.28 1.0 1.23 18.29 17.78 2.77
10.0 13.20 2.0 1.29 14.78 15.55 -5.23
9.0 11.78 3.0 1.36 13.68 14.44 —-5.60
7.0 8.02 6.0 1.59 10.43 10.19 2.26
7.0 8.02 5.0 1.46 10.34 10.34 0.00
7.0 8.02 4.0 1.43 10.14 10.72 -5.73
4.0 3.79 8.0 1.87 6.31 5.71 9.54
T = 20°C anda=3.82
11.0 13.92 1.0 1.09 14.25 15.06 —5.69
10.0 11.48 2.0 1.15 12.45 13.30 —6.80
9.0 9.94 3.0 1.20 11.45 11.97 —4.50
7.0 6.95 6.0 1.43 9.20 8.65 6.03
7.0 6.95 5.0 1.30 8.18 8.73 —6.72
7.0 6.95 4.0 1.25 8.67 9.01 -3.96
4.0 3.45 8.0 1.71 5.80 5.04 13.01
T = 25°C anda=3.60
11.0 11.92 1.0 0.98 12.51 12.74 —-1.87
10.0 9.88 2.0 1.04 10.94 9.91 —-2.23
9.0 8.45 3.0 1.07 9.97 10.12 0.63
7.0 5.92 6.0 1.28 7.31 7.14 2.35
7.0 5.92 5.0 1.17 6.80 7.22 —6.18
7.0 5.92 4.0 1.11 6.72 7.42 —-10.42
4.0 3.15 8.0 1.55 5.11 4.37 14.53
T = 30°C anda=3.61
11.0 9.37 1.0 0.90 9.80 10.16 -3.65
10.0 8.49 2.0 0.95 9.14 9.73 —6.52
9.0 7.53 3.0 0.99 8.99 8.92 0.85
7.0 5.02 6.0 1.17 7.11 6.30 11.37
7.0 5.02 5.0 1.05 6.08 6.29 -3.38
7.0 5.02 4.0 1.00 5.56 6.46 —16.26
4.0 2.90 8.0 1.43 4.48 4.04 9.77
T = 35°C anda=3.57
11.0 7.76 1.0 0.81 7.99 8.44 —5.66
10.0 7.20 2.0 0.84 7.71 8.27 —7.35
9.0 6.41 3.0 0.89 7.66 7.64 0.26
7.0 4.33 6.0 1.05 6.04 5.48 9.29
7.0 4.33 5.0 0.94 5.47 5.45 0.37
7.0 4.33 4.0 0.90 4.99 5.59 —12.05

4.0 2.68 8.0 1.26 3.84 3.59 6.42
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#79H082) was purchased from Sigma Chemical Company culated mixture viscosities usingq. (2) are tabulated in
(St. Louis, MO, USA). Crystallized and lyophilized BSA Table 1

was used without purification to prepare a stock solution  The uncertainty; that appears ifiables 1 and 2s defined
by weight with an accurately known concentration (10%). by

Concentrations of PEG stock solution was 25% polymer explcale

by weight. The PEG and BSA concentrations were situ- o — n, —n ) % 100 3)
ated between 4.0 and 11.0, and 1.0 and 8.0% by weight ' nexpl

for PEG—water and BSA—water solutions, respectively, and

for mixtures of PEG-bovine serum albumin—water different
concentrations of components in water representing PEG 20
and BSA compositions of homogeneous systems at varying A)

temperatures. v
10 4

2.2. Apparatus = e

A Canon-Fenske type viscometer was used to measureds e
the relative viscosities (Cannon Instrument Corporation, PA, M o g
USA). Measurements were done at five different tempera- "
tures of 15, 20, 25, 30 and 3&. The immersion heater
(Greiner Scientific Corporation, NY, USA) used in this study
is capable of maintaining the temperature of the water bath 20 v
to an accuracy of0.5°C. The dynamic viscosities were 20 , , , , : ;
then calculated using the dynamic viscosities of water at the
specified temperaturg$4]. (B) h4
1V}

10 -

3. Results and discussion °
o 04— IR |
In [5], we reported the viscosity measurements and pre- M v o
dictions of PEG 8000—dextran (37 500, 494 000, 2 000 .
000)—water solutions and observed tkat (2)is valid for -10 - v
this polymer—polymer—water system. "
We performed experiments at temperatures 15, 20, 25, 30 v
and 35°C and considered PEG and bovine serum albumin -20 , , , , , , ,
with varying concentrations. We observed that the proposed o Lz 3 4 5 6 7
model works quite satisfactorily giving results comparable BSA (%.wiw)
with those in[4,5]. By taking into account data, which are PEG (%,wiw)
displayed mTab!e 1 atall temperatures .We.have calculated Fig. 1. Uncertainties calculated (A) with= 3.71 and (B) witha values
a as 3.71 by using regressional analysis via SPSS. The calorresponding to different temperatures.

mJ<0e®
— ===
I
WWNN =
aocooo,
00000

NG
©-
B

Table 3
Values ofcicz in Eq. (2) for PEG-BSA-water and PEG-dextran—water solutions
PEG-BSA-water PEG-dextran—water
cpeG (%, W/W) casa (%, w/w) c1c2 cpeG (%, W/wW) Cdextran(%0, W/W) c1c2
11.0 1.0 0.076 5.00 0.50 0.083
10.0 2.0 0.139 5.00 1.00 0.139
9.0 3.0 0.188 4.00 1.50 0.198
7.0 6.0 0.249 4.00 2.00 0.222
7.0 5.0 0.243 3.00 2.50 0.248
7.0 4.0 0.231 3.00 3.00 0.250
4.0 8.0 0.222 2.00 3.50 0.231
2.00 4.00 0.222
1.00 4.50 0.149
1.00 5.00 0.138
0.50 6.00 0.071

0.50 7.00 0.062
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wheren®® and 3, (mPas), are the measured viscosities ~ Finally, we note that the valuesc, for PEG-BSA-water

and the calculated viscosities, respectively. solutions and PEG-dextran—water solutions are of the
Table 1also displays the experimental and calculated vis- Same order of magnitudeTgble 3. Thinking of cic2a

cosities of PEG 20 000-bovine serum albumin—water solu- @ @ non-ideality term and comparing the values

tions, where it is seen that the uncertainties vary between[5], we may conclude that the deviation from ideal-

0.00 and 18.98 in absolute value. ity of PEG-BSA—water solutions is more than that of
The disposable parameterhas also been calculated by PEG—-dextran—-water solutions.

making use of data at each fixed temperature. We have seen

that a is respectively equal to 3.97, 3.82, 360 3.61 and References
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