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Abstract

Partitioning behaviour of the bovine whey proteins (bovine serum albumin, alpha lactoalbumin and beta lactoglobulin) and alpha-1 antitrypsin
in aqueous two-phase systems prepared with polyethyleneglycol (molecular masses: 1000; 1500 and 3350)—potassium phosphate was analyse
Bovine serum albumin and alpha lactoalbumin concentrated in the polyethyleneglycol rich phase with a partition coefficient of 10.0 and 27.0,
respectively, while beta lactoglubulin and alpha-1 antitrypsin showed affinity for the phosphate-rich phase with a partition coefficient of 0.07
and 0.01, respectively. An increase of medium pH induced an increase of the partition coefficient of these proteins while the increase in
polyethyleneglycol molecular mass induced the opposite behaviour. The system polyethyleneglycol 1500-pH 6.3 showed the best capacity
for recovering the alpha-1 antitrypsin with a yield of 80% and a purification factor between 1.5 and 1.8 from an artificial mixture of the milk
whey proteins and alpha-1 antitrypsin. The method appears to be suitable as a starting point to isolate proteins expressed in transgenic milk.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction affinity chromatography, dialysis and a final concentration
of the product, which requires long time and high cost. This
The advances in molecular biology and genetic engineer-induces an increase of the unfolded fraction of the protein,
ing have made the scale up production of labile macro- with a decrease of the biological activity and a poor yield
molecules possible; however, the isolation and purification of the process. Diamond and HEL] have postulated that
process of such products have poorly been developed. Pro50-90% of the total production cost for a biological product
tein purification process is a great and important problem is determined by the purification steps.
due to the complexity of the protein mixture and the possible  Other authors tried to purify the milk whey proteins by
loss of the biomolecule biological activity. The traditional using chromatographic methods. Ye et [@] described a
methods for isolation and purification of proteins involve preparative ion exchange chromatographic process for the
several steps: ammonium sulphate precipitation, ionic and separation and recovery of the principal proteins present in
milk whey (bovine serum albumin, beta lactoglobulin, alpha
- lactoalbumin). Although this method is suitable to isolate
Abbreviations:PEG1000, PEG1500 and PEG3350, polyethylenglycols beta lactoglobulin, the prevalent whey protein, itis expensive

of average molecular masses: 1000, 1500 and 3350, respectively; BSA, gng provides low yield when it is applied to isolate a low-

bovine serum albumin; BLG, beta lactoglobulin; ALA, alpha lactoalbumin; ]

AAT, alpha-1 antitrypsin; ATPS, aqueous two-phase system concen_t_ratgd p_roteln. .
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step since ATPSs can be generated into a homogenate of 2. Materials and methods
natural or genetically modified product, thus enabling the
removal of contaminants by a simple and economic process.2.1. Chemicals
ATPSs are formed by mixing two flexible chain polymers
in water or one polymer and a salt (phosphate, citrate, etc.) Beta lactoglobulin (BLG), alpha lactoalbumin (ALA),
[3]. Proteins are partitioned between the two phases with bovine serum albumin (BSA), alpha-1 antitrypsin (AAT),
a partition coefficient which can be modified by changing polyethyleneglycol of average molecular weights: 1000;
the experimental medium conditions such as pH, salts, ionic 1500 and 3350 (PEG1000, PEG1500, PEG3350) were pur-
strength, etc. ATPSs have several advantages as regards thehased from Sigma Chem. Co. and used without further pu-
conventional methods for the isolation and purification of rification. All the other reagents were of analytical quality.
proteins: their low cost, the possibility of applying them in  Table 1summarizes the physico-chemical properties of the
large-scale and that they reach the equilibrium condition very employed proteins and the milk whey composition.
fast.
Several human proteins, such as alpha-1 antitrypsin, have2.2. AAT enzymatic activity determination
been expressed in ovine or rabbit mj]. Therefore, it is
necessary to develop large-scale methods for their isolation The AAT inhibits the hydrolysis ofx-N-benzoyl. pL-
and purification from milk whey. Arginine{p-nitroaniline (BAPNA) by trypsin in Tris buffer,
There are many reports in literature concerning the par- 20mM, pH 8.2 at 37C. One unit of antitryptic activity is
titioning of milk proteins in ATPSs using different systems. defined as the amount of trypsin (jirg) able to be inhib-
Harris et al.[5] studied the partition of milk proteins us- ited by the preparation. Specific activity of tested samples is
ing polyethyleneglycol 4000-ammonium sulphate, and cor- expressed in units of antitryptic activity per mg of total pro-
related the partition coefficient with the protein solubility in  tein. The reaction is followed by measuring the absorbance of
ammoniun sulphate medium. This system was problematic the released reaction produgtpitroanilide, which absorbs at
since the ammoniun sulphate rich phase induces the aggre400 nm (molar absorptivity of 10,500 M cm~1) for 10 min.
gation of the protein, which favours its precipitation in the The inhibitory capacity of AAT is proportional to the differ-
system interface. ence between the rate of product formation in absence and
Alves et al.[6] partitioned the whey milk proteins in  presence of AATS8].
polyethyleneglycol-potassium phosphate and citrate sys-
tems. They studied the partitioning of each pure protein 2.3. Preparation of the aqueous biphasic system
and observed a partition coefficient ratio between alpha
lactoalbumin and beta lactoglobulin of about 320, which To prepare the biphasic aqueous systems, stock solutions
indicated the feasibility of separating both proteins with of the phase components: PEG 40% (w/w) and potassium
ATPSs. da Silvaand Meirell¢8] partitioned alphalactoalbu-  phosphate 25% (w/w) of a given pH were mixed according to
min and betalactoglobulin in polyethyleneglycol (molecular the binodal diagram reported by Zaslav§Ry. The desired
masses from 1000 to 10,000)-maltodextrin. However, they pH (6.3 or 8.0) of the KHPO, solution was adjusted by
did not assay the pH and salt concentration effect on proteinthe addition of potassium hidroxide. The total concentrations
partitioning. were 17% and 8.8% for PEG and phosphate, respectively.
The aim of this work was to study the partition features Low-speed centrifugation to speed up phase separation was
of the milk whey proteins from solutions of individual used after through gentle mixing of the system components,
proteins or when they are present in a protein mixture. then 2 mL of each phase were mixed to reconstitute several
The extraction of alpha-1 antitrypsin was assayed in an two-phase systemsinwhich the protein partition was assayed.
artificial mixture formed by AAT and milk whey proteins
(with similar concentrations to those of the milk whey) 2.4. Determination of the partition coefficient (Kr)
in order to simulate a transgenic milk whey. The obtained
information can be very useful as a starting point to be  Protein partitioning in both phases was analysed by dis-
applied in the isolation of any protein expressed in transgenic solving increasing amounts of protein (2—6 uM of total sys-

milk. tem concentration) in the two-phase systems containing 2 mL
Table 1

Physico-chemical properties of AAT, BLG, BSA and ALA

Protein Molecular mass Isoelectric point Concentration in milk whey (g/L) Percentage in milk whey
BLG 18000 5.2-5.4 3.0-4.0 60

ALA 14200 4.7-5.1 1.2-15 30

BSA 67000 49-5.1 0.3-0.6 6

AAT 54000 4.8-5.0 - -

Protein composition of milk whey.
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of each equilibrated phase. Aliquots of the protein stock solu- 30
tion (1500uM) added to the systems varied from 5 toydll5,

the change of the total volume of each phase being negli-
gible. After mixing by inversion for 1 min and leaving it to 20
settle for at least 30 min, the system was centrifuged at low
speed for the two phase separation. Samples were withdrawn 15
from separated phases and after dilution, the protein content
in each phase was determined by measuring the absorption
at 280 nm on a Spekol 1200 spectrophotometer. The partition
coefficient was defined as:

i °
= [Pl @)

where Pt and P]g are equilibrium concentrations of the
partitioned protein in the PEG and phosphate-rich phases,
respectively. In the protein concentration range assayed, aFig. 1. Dependence of partition coefficient with PEG molecular weight for
plot of [P]T versus P]g showed a linear behavior, Kr being BSAand ALA at pH 6.3 and 8.0. Temperature’®

its slope.

In order to evaluate the progress of the purification process  ggin BSA and ALA €ig. 1) showed the highest affinity for
the two-phase systems were placed in graduated capped glasge top PEG rich phase. In the case of ALA, Kr changed from
tubes (SmL of total volume, with an accuracy of 0.05mL) 37 15 2 when the PEG molecular mass increased, while the
and the top and bottom phase-volumes were measured afte{ariation was from 11 to 0.02 for BSA. Moreover, the par-
each partitioning step. The specific enzyme activity (SA) Was ijtion equilibrium of both proteins displaced to the bottom
calculated as the ratio between the enzyme activity (units) a”dphase when the pH decreased from 8 to 6.3, the most pro-
the protein content (mg), the purification factor (PF) and the [,qunced effect being at the low PEG molecular mass. BLG

—e— BSApH 8.0
O BSApH6.3
—A— ALApPH 8.0
A ALAPHG.3

25

Kr

1000 1500 2000 2500 3000 3500

PEG molecular mass

enzyme yield recovery in the bottom phaggWere calcu-  anq AAT (Fig. 2) showed a partition coefficient lower than the

lated according to: unity. Fig. 2(inserted figure) shows the ratio between the par-
SA tition coefficients of only these two proteins @i/Kraar)

PF= SA° ) versus PEG molecular mass because AAT is our target pro-

- o tein and BLG is its main contaminant in the transgenic milk
where SA and SAare the specific enzyme activities in the whey. At pH 6.3, the system with PEG1500 can be seen to
bottom phase and in the initial sample, respectively, and:  haye the highest capacity for separating both proteins while,

100 at pH 8.0, the ATPS of PEG1000 shows the most different
y (%) = 1+ RKr ®3) protein partitioning behaviour. In this way, both conditions

_ appear to be optimal for assaying the BLG and AAT separa-
whereRis V1/Vg, Vg andVy are the bottom and top phase- gn.

volumes, respectively. The system temperature was main-
tained constant and controlled to with#t0.1°C by immers-

ing the glass tubes in a thermostatic bath. 05
—=— BLGpH 8.0
O BLGpH6.3
0,4 —e— AAT pH 8.0 5
O AATpHB.3 X 2

3. Results and discussion

00
500 1000 1500 2000 2500 3000 3500 4000

3.1. Influence of PEG molecular mass and pH on the o
protein partitioning

PEG molecular mass

Figs. 1 and Zhow the PEG molecular mass and pH effect

on the ALA, BLG, BSA and AAT patrtition coefficient (Kr). : /é

All the proteins showed the same behaviour, a decrease in

their partition coefficient when increasing the PEG molecular | ‘ , : ‘

mass. For the ATPS of PEG1000/Pi, the mean estimated error 1000 1500 2000 2500 8000 8500
was +0.06 for the partition coefficient of BLGz£0.7 for PEG molecular mass

ALA; £0.5 for BSA and=0.004 for AAT. For ATPSs of Fig. 2. Dependence of partition coefficient with PEG molecular weight for
PEG1500/Pi and PEG3350/Pi, the mean estimated error WaS5| G and AAT at pH 6.3 and 8.0. Temperature:® Inserted figure: sep-

+0.005 for the partition coefficient of BLG;0.08 for ALA; aration factor (KgLg/Kraar) in ATPSs formed by phosphate and PEGs of
40.005 for BSA andt0.004 for AAT. different molecular weight.
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Milk whey is principally formed by a mixture of differ- o
ent proteins (se€able 1. BLG, the prevalent whey protein, 35 as
is very sensitive to a change in pH. Except at pH around a0 | | A AmpHeo o
4.5, where BLG octamerises, it exists only in the form of R F
dimmer which dissociates into its monomers at extreme val- 25 1\ [ O BSApHE3

ues of pH. At pH around 7.5, the BLG undergoes a con-
formational change which seems to involve an exposure of
apolar amino acids and induces an increase in the interac
tion with hydrophobic solutes. Other authors have studied
the effect of pH on partitioning behaviour of BLG and have
demonstrated that the partition coefficient of the dimmer was
higher than the one which corresponds to the monomer form
[10,11]

1,0 15 2,0 25

NaCl concentration (% wiw)

1
Kr
>

ALA is the milk whey protein with the lowest molec- 00 05 10 15 20 25 30
ular mass; its aminoacid composition and structural char- (A) NaCl concentration (% wiw)
acteristics are similar to those of egg lysozyfig]. Pre-
vious studieg7] have shown a partition displacement of 016

—a— ALAPHBO
4 ALAPHG3

ALA in favour of the PEG rich phase. This behaviour can o ggﬁﬁﬂ 65

be attributed to the inclusion of this small protein molecule ° | Thaenies
in the available free volume in the PEG rich phase. More-
over, PEGs of low molecular weight such as PEG1000 and
PEG1500 can interact with the protein domain. The strength .
of the protein—PEG interaction and the partition coefficient
value will, therefore, be related to the polymer molecule }
size. 004]
Alves et al. [6] partitioned ALA and BLG in a B
PEG1500—phosphate system and found an average partition

Kr

0,0 05 1,0 15 2,0 2,5

NaCl concentration (% wiw)

coefficient of 0.031 for BLG which showed a low depen- 0,00 ; ; : .
dence with respect to system PEG concentration. Our results 0.0 0.5 1.0 18 20 25
(0.068 at pH 8.0 and 0.048 at pH 6.3) are in agreement with () NaCl concentration (% wiw)

those obtained by Alves et 46] for this protein, indicating _ _ N _
Fig. 3. Effect of the NaCl concentration on the partition behaviour of

thereby that BLG prefers the salt-enriched phase. However, ", "5, 5 114 Bsa in an ATPS formed by phosphate-PEG1000 (A) and
ALA behaviour was different since the partition equilibrium  yposphate-PEG1500 (B) at pH 6.3 and 8.0. Temperatui@: 8

is displaced to the top phase. The high Kr-value obtained for
this protein leads to an ALA recovery inthe top phase of about 3.2. Influence of NaCl on protein partitioning
90% for nearly all the assayed systems in the first partition
step. In this way, our target protein, the AAT, whose parti- In order to displace the partition equilibrium of AAT
tion coefficient in ATPSs is lower than one, will be present contaminants to the top phase, the effect of increasing NaCl
in the bottom phase together with the BLG, which becomes concentration on Kr was analysed. This salt was selected be-
its major impurity. cause it has been used to favour the protein transfer to the
The Kr-values in ATPS of PEG1500 were lower than those top phase by several authdis4]. Fig. 3 shows the parti-
observed in PEG1000 for all the assayed proteins. This find-tion behaviour of the three contaminant proteins in ATPSs of
ing, which is a general rule in protein partition, indicates PEG1000 Fig. 3A) and PEG1500Kig. 3B). The observed
that the protein transfer to the bottom phase may be due totrend for nearly all the proteins is a decrease in the partition
an exclusion effect of PEG of higher molecular weight. On coefficient when the NaCl concentration increases, in agree-
the other hand, at pH 8.0, the partition equilibria are more mentwith the results found for other prote[t$§]. This effect
displaced to the PEG-enriched phase (higher Kr) than at pHwas more significant in ATPSs of PEG1000 where the pro-
6.3 for all the proteins. This fact may be explained taking tein Kr-value at higher NaCl concentration decreased several
into account the low affinity of the phosphate anion for the times as regards the value in salt absence. These results sug-
PEG-rich phase which induces a positive electrical potential gest that the interaction PEG-protein is further affected by
on this polymer side of the phase (within the requirement of NaCl in PEG of low molecular mass (100Q)p]. Moreover,
electroneutrality in the phases). Since all the assayed proteinghe lower change of Kr observed at pH 6.3 with respect to pH
exhibit a p near 5.0 (se@able J), they are slightly charged 8.0 is consistent with the more hydrophobic character of all
at pH 6.3 while they have a significant negative electrical the proteins near their isoelectrical point (Sedble 2. For
charge (Zp betweer 10 and—20) at pH 8.0, thus inducing  BLG in PEG1500 at pH 8.0, a poor salt effect was observed,
their transfer to the top phage3]. while in the other systems NaCl induced a BLG transfer to
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Table 2 100
Effect of NaCl presence on partition behaviour of BSA, BLG and ALA
Protein pH Kr/Kacl 80 -
PEG1000 PEG1500 —_
X 60 A
BSA 8 27 9.2 g
6.3 105 4.4 °
> 40 -
BLG 8 83 1.6 £
6.3 24 23 5
M 20
ALA 8 25 2.8
6.3 22 15 04
Kr partition coefficient in absence of salt; ¢ partition coefficient in
presence of the higher assayed NaCl concentration. ‘
0 2 4 6 8 10
(A) ViV,

the bottom phaselable 2also shows the ratio between the
Kr-values in absence and presence of the higher salt con-
centration for all the proteins. The decrease in the Kr due to
the salt presence can be seen to depend on both the proteir
and PEG molecular mass. Thus, the partition of BSA (high-
est molecular weight) in systems of PEG1000 and PEG1500
proved to be the most affected by the increase in salt con- -
centration. The partition coefficient of BLG was affected to
a lesser extent, the Kr change being negligible in the pres-
ence of PEG1500. On the other hand, the ALA partition was
slightly modified by the salt concentration. Moreover, in all 04
the cases, the diminution of Kr at pH 8.0 was higher than at

pH 6.3. Taking into account that NaCl presence affects the ; ; ; ;
electrostatic component of partitioning, these findings agree 0 2 4 6 8 10
with the higher protein charge density at the upper pH. These (B) VilVg

last results, together with the PEG molecular mass effect,

allow us to conclude that two types of forces drive the par- Eig. 4. Theoretical bottom recovery of ALA, BSA, BLG anc_i AAT as func-
tition of the_se proteins in PEG—phog.phate system: one is_ ofE(EnGigghoe_Sgpé?;?:)rg:glggg;ggg_galzfgag_ from E8) in ATPS of
electrostatic nature and the other is due to the interaction

of hydrophobic rests of the protein domain with the PEG

molecule. , continuously decreased with R. The difference between the
In resume, salt presence did not favour the AAT and BLG o eries of both proteins showed to be minim&aglues
separation, therefore, the next partition experiments were car-,ver than one and became constant at higheVs ratios.
ried outin the absence of this salt. The calculated protein recovery in the system of PEG1500-
pH 6.3 is shown inFig. 4B. ALA yield showed an initial
3.3. Recovery of the AAT from a mixture of BLG, BSA, diminution followed by a constant low value, while BLG and
ALA and AAT BSA showed a continuous diminution of their yields. The
highest AAT recovery in the bottom phase was practically
Since BLG and AAT showed Kr-values lower than one, unaffected by th& variation.
they will be present in a great proportion in the bottom phase  For the two selected systems, IRwalues would lead to a
in an extraction process. By using the experimentally ob- high AAT yield with low purity while higher R would produce
tained Kr-values for ALA, AAT, BSA and BLG, the theoret- a lower AAT recovery with higher purity. We selected two
ical recovery (or yield) for the four proteins in the bottom extremeR-values: 4:1 and 1:4 to experimentally develop the
phase was calculated as function of the top/bottom volume extraction process of AAT from an artificial protein mixture.

100 +

60 -

40 4

Bottom yield (%)

20 -

ratio (R) according to Eq(3). HigherR-values were not assayed in order to avoid the target
Fig. 4 A shows the theoretical yield in an ATPS of protein dilution.
PEG1000-pH 8.0. An increase in tRevalue can be seen to The artificial mixture was formed by the three main whey

induce a significant diminution in the recovery of all the pro- proteins with the same composition of milk whey (BLG
teins. For ALA and BSA a drastic yield decrease is observed 0.32%, w/v; ALA 0.12%, w/v; BSA 0.04%, w/v) and AAT

at R-values lower than two, while the yield remained con- (0.48%, w/v). The extraction process was performed in the
stant and low at higher R. In contrast, AAT and BLG yields two selected ATPSs aR 4:1 and 1:4, respectively, and
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Table 3
Purification of AAT from an artificial mixture of milk whey proteins
ATPS R Purification Specific activity Purification Recovery of inhibitory Purity? (%) Theoretical
step (units/mg) (fold) activity (%) recovery (%)
Artificial 22 1.0 100 28 100
whey milk
PEG1000 4:1 1Extr® 29 1.3 36 37 53
pH 8.0 2 Extrd 49 2.2 21 62 28
1:4 1° Extr. 26 1.2 51 33 95
2° Extr. 35 1.6 43 44 90
PEG1500 4:1 1 Extr. 32 15 88 41 96
pH 6.3 2 Extr. 40 1.8 80 51 92
1:4 1° Extr. 25 11 60 32 79
2° Extr. 28 1.3 57 36 63

@ Calculated as the ratio between the enzyme mass and the total protein mass.
b Calculated according E¢R).

¢ Bottom first extraction step.

d Bottom second extraction step.

aliquots of the mixture were partitioned in the four systems. 4. Conclusions
Two extraction steps were performed in each case by replac-
ing the first equilibrated top phase by anidentical volume ofa  BLG represents about 60% of the total milk whey pro-
new proteinless upper phase with the aim of decreasing BLGteins, while ALA represents only 30%. These proteins have
bottom phase content. Both in the first and second extractionisoelectric points between 4.9 and 5.4, which makes it dif-
steps, the AAT activity and the total protein concentration ficult to isolate them by using the classical methods of ion
were determined. exchange chromatography. This problem is more complex if
Table 3shows the experimental recovery and purity of another protein, such as AAT, with similar isoelectrical point
AAT in the bottom phase for the four systems in the two (4.8) is expressed in trangenic milk whey. Earlier, AAT was
extractions and the theoretical yields calculated from(8). isolated from human plasnj7], but since albumin, the prin-
The ATPS of PEG1500-pH 6.3 was seen to show the bestcipal serum protein, represents about 50% of the total pro-
yields. ForR 4:1, the recovery was 88% in the first and 80% teins and has similarigo AAT, the traditional ion exchange
in the second extraction step. Moreover, the observed puritieschromatography did not allow us to separate both proteins
were 41 and 51%, respectively. Therefore, this system seemsfficiently. In a previous workl8], we solved this problem
to be the most suitable to recover the AAT in an artificial by partitioning human plasma, without previous treatment,
milk whey. On the other hand, the system PEG1000-pH 8.0 atin an aqueous two-phase system formed by polyethylenegly-
bothR-values showed lower recoveries of AAT with slightly  col and potassium phosphate. Taking into account the protein
higher purity values. acid—base properties, a mixture of AAT, BLG, ALA and BSA
Table 3also shows that there exists a significant differ- should have a similar behaviour to a mixture of serum albu-
ence between the calculated and experimental AAT recoverymin and AAT. Therefore, in order to isolate AAT from a trans-
values. In all cases, the measured yields were lower than thegenic milk whey, we followed a similar way to that employed
theoretical ones because the recoveries were calculated byor isolating this protein from human plasma. From the four
assuming that the Kr of AAT in the protein mixture was the assayed experimental situations, the ATPS of PEG1500-pH
same as that of AAT alone. However, a different partition- 6.3, R 4:1 showed to be the most efficient with an AAT re-
ing behaviour of a protein in a mixture with respect to that covery of more than 80% in the first and second extractions
of the pure protein has been previously obseri]. In a and a protein purity grade of about 50% in the bottom phase.
mixture formed by different proteins, the protein—protein in- This implies a purification factor between 1.5 and 1.8. Under
teraction becomes relevant. Moreover, the presence of mem-experimental conditions, the principal impurity is the BLG
branes and subcelular elements may induce a modificationdue both to its high milk whey concentration and its similar
of the medium viscosity and density in a homogenate from partitioning behaviour with AAT. Although the results from
a biological tissue. These reasons modify the protein activity Table 3suggest that the method can be satisfactorily carried
coefficient, and therefore, its capability for being partitioned. out in only one partitioning step, better purity results would
Certain natural mixtures such as milk whey have been re- be allowed by performing more extractions without signifi-
ported to inducg16] a substantial modification of the ATPS cant loss of protein recovery.
binodial diagram, thus changing the polymer and salt com- Sometimes, the application of a purification method to
position in both phases, and therefore, the protein Kr also obtain atherapeutical substance introduces new contaminants
changes. that must be removed in order to avoid adverse effects. In our
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case, the AAT is obtained from the phosphate-rich phase, thus [3] J.C. Marcos, L.P. Fonseca, M.T. Ramalho, J.M.S. Cabral, J. Chro-
the predominant non-protein contaminants are the potassium _ matogr. B 734 (1999) 15. _
phosphate and a little amount of PEG, which can easily be [41 M- Massoud, R. Bischoff, W. Dalemans, H. Pointu, J. Attal, H.

removed from the target protein by means of ultrafiltration Schultz, D. Clesse, M.G. Stinnakre, A. Pavirani, L.M. Houdebine,
getp Yy - J. Biotechnol. 18 (1991) 193.

Finally, at present, several human proteins have been ex- (5] p.p. Harris, A.T. Andrews, G. Whright, D.L. Pyle, J.A. Asenjo,
pressed in bovine milk; therefore, the study about the partition Bioseparation 7 (1997) 31.
features of the milk whey protein components is necessary [6] J. Alves, L. Chumpitaz, L. da Silva, T. Franco, A. Meirelles, J.

as a starting point to isolate and purificate any protein. Chromatogr. B 743 (2000) 235.
[7] L. da Silva, A. Meirelles, Carbohydr. Polym. 42 (2000) 279.
[8] A. Dietz, H.M. Rubinstein, L.V. Hodges, Clin. Chem. 20 (1974)
396.
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