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ABSTRACT

The effect of poly(ethyleneglycol) (PEG) molecular weight, sys-
tem pH, and sodium chloride concentration on the partitioning behav-
ior of horseradish peroxidase from Armoracia rusticana root extract was
investigated in poly(ethyleneglycol)/sodium phosphate systems.

PEG molecular weight strongly affects the enzyme partition coef-
ficient, whereas pH variation from 5.5 to 8.0 has little effect. The addi-
tion of sodium chloride (8% w/w) to a PEG 1540/phosphate system,
pH 7.0, raises the peroxidase partition coefficient 13.5-fold without
important changes in that of total horseradish root proteins. Moreover,
these conditions allow direct homogenization of the A. rusticana roots
with the selected aqueous two-phase system with the clear top phase
containing over 90% of the enzyme and the purification factor being 4.8.

Index Entries: Horseradish peroxidase; purification; aqueous
two-phase partition.

Abbreviations: ATPS, aqueous two-phase systems; PEG, poly-
(ethyleneglycol); PO, horseradish peroxidase; TP, total protein.

* Author to whom all correspondence and reprint requests should be addressed.

Applied Biochemistry and Biotechnology 147 Vol. 53, 1995



148 Miranda et al.
INTRODUCTION

Peroxidase (EC 1.11.1.7) is the most widely used enzyme in the manu-
facture of enzyme immunoassay kits and in immunohistochemistry.
Armoracia rusticana (horseradish) roots are the main source of the enzyme.

Several methods have been reported for the purification of peroxidase
from this raw material. They involve ammonium sulfate precipitation,
size-exclusion, and ion-exchange chromatography (1,2), salting-out chro-
matography (3,4), and affinity chromatography with concanavalin A
(5,6), monoclonal antibodies (7,8), or chelated metals (9). Tjissen (10)
developed a simpler purification method based on ion-exchange chroma-
tography, but starting from a raw material that must be bought from com-
mercial manufacturers. When the cost is taken into account, only a few
methods seem to be suitable for large-scale purification.

Aqueous two-phase partition is a technique that can be used efficiently
for the separation and purification of proteins owing to its simplicity,
mildness, and high yields (11-13). It is specially suited to enzyme extrac-
tion and purification from biological media, such as animal and vegetable
tissues, since a clarification step is not required. Therefore, it appears to
be an alternative method for peroxidase large-scale production.

In this article, we report the partition behavior of peroxidase from A.
rusticana roots in different PEG/phosphate aqueous two-phase systems
(ATPS), and its extraction and purification in a selected system up to an
SA 60 guaiacol U/mg in just one step.

MATERIALS AND METHODS

Materials

PEG 600, 1540, 4000, and 6000 were obtained from Sigma Chemical
Co., St. Louis, MO. PEG 20000 was from Fluka Chemie AG, Switzerland.
Horseradish roots were bought from a local market in Buenos Aires. Gua-
iacol was from Mallinkrodt Chemical Works, St. Louis, MO. All other rea-
gents were AR-grade.

Aqueous Two-Phase Systems

They were prepared from stock solutions: 80% (w/w) PEG 600, 60%
(w/w) PEG 1540, 40% (w/w) PEG 4000 and 6000, 20% (w/w) PEG 20000
and 40% (w/w) phosphate buffer (as monosodium and dipotassium mix-
ture). Solid NaCl was added when necessary.

In all experiments, the phase:volume ratio was maintained at approx
1:1, the total system weight 2 g, and the tie-line length (measured through
the ““distance to binodial’’), constant at 0.25 g. The distance to binodial
was obtained by measuring the amount of water (in g) to be added to a
1-g two-phase system to change it into a monophasic one (14).
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Purification Procedure

Roots were cut into small cubes of approx 5 mm, homogenized in 1
vol of water in a Waring Blender, and the homogenate was centrifuged at
2000g for 15 min; 150-xL aliquots of the supernatant were used in trials
for finding optimum partition conditions. Under such conditions, A.
rusticana roots were homogenized directly with the components of the
selected ATPS.

Analysis of the Phases

Total protein (TP) concentration was measured according to the method
of Bradford (15).

Peroxidase activity was determined by the method of Tjissen (10):
The assay mixture contained 3.0 mL of 100 mM potassium phosphate buf-
fer, pH 7.0, 50 L of guaiacol (2.45 mg/mL), and 10-uL aliquots of top or
bottom phase. Reaction was started by the addition of 40 uL of 8 mM
hydrogen peroxide, and absorbance at 436 nm was recorded for 5-10 min.
Activity calculations were also made as described by Tjissen (10).

Partition coefficient K was calculated by dividing the enzyme activity
or protein concentration in the top phase by the enzyme activity or pro-
tein concentration in the bottom one. All determinations were performed
in triplicate.

The coefficient of variation for Kpo determination was 5.8%, whereas
that for K1p was 3.9%, both determined from 30 independent experiments
in a system where K is approx 1.

RESULTS AND DISCUSSION
Effect of PEG Molecular Weight

Figure 1 shows the partition coefficient of peroxidase and TP of the
horseradish root extract in various PEG/phosphate systems prepared
with different PEG molecular weights, at pH 7.0. The values of Kpo strongly
depend on the molecular weight of PEG. As it increases from 600 to 20,000,
the partition coefficient decreases from 37.7 to 0.02. In contrast, the values
of Krp do not show this behavior. With PEG 600, Kt is high (5.2), but
when the molecular weight of PEG increases, Ktp remains approximately
constant around 0.7.

Only with PEG 600, peroxidase prefers the top phase. However, it is
known that, at a low molecular weight of PEG, many proteins have high
K values, which leads to poor separation from the contaminating proteins
(12). This is the case for contaminants in horseradish root; therefore, PEG
600 will not be selected for peroxidase purification.

With PEG 1540 and over, peroxidase prefers the bottom phase, thus
preventing a successful extraction in the top phase, and therefore sepa-
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Fig. 1. Effect of PEG molecular weight on the partitioning behavior of PO
(®) and total protein (O) in different PEG/phosphate systems, at pH 7.0. ATPS
composition, expressed as % w/w: PEG 600, 18.5—phosphates, 15.1. PEG 1540,
10.0—phosphates, 14.8. PEG 4000, 7.7—phosphates, 14.6. PEG 6000, 6.3—phos-
phates, 14.0. PEG 20000, 4.9—phosphates, 13.2.

rating it from the bulk particulate material. Similar qualitative results were
obtained at pH 5.5, 6.0, 6.5, and 8.0 (Table 1). At pHs under 5.0 and above
9.0, very low recoveries of enzymatic activity were found.

Effect of pH

Table 1 shows the effect of pH between 5.5 and 8.0 on Kpo and Krp for
PEG/phosphate systems prepared with PEG 600, 1540, 4000, 6000, and
20000. These data indicate that the pH does not have a definite influence
on Krp or Kpo. However, the pH was varied over a narrow range, too nar-
row to affect significantly the net charge of the basic isoenzyme of peroxi-
dase, which is quantitatively the main isoenzyme in horseradish root.

Effect of Sodium Chloride Addition

Partition of horseradish peroxidase (PO) was highly dependent on
the NaCl concentration. Figure 2 shows the effect of increasing NaCl con-
centration on the partition of PO in different PEG/phosphate systems at
pH 7.0. Only with PEG 1540, peroxidase mainly stays in the bottom phase
in the absence of NaCl and transfers to the top phase in its presence.

Figure 3 shows the behavior of the extract total protein under the
above conditions. The influence of NaCl on Krp is far less than on Kpo.
With PEG 1540, the partition coefficient undergoes only very slight changes
at a K = 0.63. Very similar results were obtained at pH 6 and 8 (not shown).
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Table 1

Partition Coefficient of Horseradish Peroxidase

and Total Protein of the Extract at Different pH Values
in Various PEG/Phosphate ATPs

PEG molecular weight
pH 600 1540 4000 6000 20,000
| 55 30.0 0.67 0.12 0.09 0.01
6.0 35.6 0.68 0.14 0.07 0.02
6.5 35.0 0.65 0.25 0.05 0.02
7.0 37.7 0.60 0.24 0.03 0.02
8.0 35.3 0.56 0.27 0.03 0.03
K, 55 6.09 0.37 0.44 0.42 0.48
6.0 6.25 0.45 0.37 0.58 0.86
6.5 5.33 0.50 0.52 0.59 0.68
7.0 5.20 0.63 0.50 0.63 0.79
8.0 5.61 0.55 0.70 0.60 0.80
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Fig. 2. Effect of the NaCl concentration on the PO partition coefficient in
different PEG/phosphate systems, at pH 7.0. (®) Absence of NaCl; (A) NaCl
2.7% wiw; (1J) NaCl 5.4% w/w; (l) NaCl 8.0% w/w. ATPS composition is the

same as that in Fig. 1.

The enzyme partition coefficient rose 13.5-fold when the concentration
of Na(Cl was increased from 0% (Kpo = 0.60) to 8% w/w salt (Kpo = 8.1) in
PEG 1540/phosphate, pH 7.0. NaCl concentration over 8% w/w causes a
shift of the total protein to the top phase, thus decreasing the purification

factor (Fig. 4).
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Fig. 3. Effect of the NaCl concentration on the total protein partition coeffi-
cient in different PEG/phosphate systems, at pH 7.0. (O) Absence of NaCl; (A)
NaCl 2.7% wiw; (O) NaCl 5.4% w/w; (l) NaCl 8.0% w/w. ATPS composition is
the same as that in Fig. 1.
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Fig. 4. Partition coefficients of peroxidase (®) and total protein (O) in PEG
1540, 10.0% w/w; phosphates, 14.8% w/w, at pH 7.0 without NaCl or with in-
creasing concentrations of NaCl.

The high concentrations of NaCl can promote an improvement in the
separations of bovine serum albumin, thaumatin (16), and other proteins
(12) in PEG/phosphate systems. The ‘“water-structure making salt’’ and
the effect of the salt on the protein’s double layer are two alternative hy-
potheses to explain this phenomenon. Distinction between them would
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require experiments over a wider pH range, information on the electro-
kinetic properties of peroxidase, and a study of the effects of chaotropes,
most of which is beyond the scope of this article.

An increase in the salt concentration will increase the partition co-
efficient of biomolecules with relatively hydrophobic surfaces (17-19).
The more hydrophobic the biomolecule is, the more it will favor the PEG-
rich top phase. Results obtained suggest that PO is more hydrophobic
than the bulk of the proteins in the crude extract of A. rusticana roots.

Salting-out chromatography on unsubstituted Sepharose CL-6B was
applied to the purification of peroxidase from horseradish root extracts by
Lascu et al. (3), and the same method, but on substituted Sepharose, was
reported by Chavez and Flurkey (4). According to their results, this kind
of chromatography is a good alternative for the process scale. ATPS allow
exploitation of the salting-out effect for PO purification, but without
resorting to adsorbents, such as Sepharose or Phenyl Sepharose, improv-
ing in that way the cost-benefit ratio of the procedure.

Taking the results obtained into account, a system that allowed for
a good recovery and enrichment of the enzyme in the top phase was
designed:

System composition
PEG 1540 10.0% w/w
Phosphate pH 7 14.8% w/w
NaCl 8.0% w/w.
Vtop phase/ Vbottom phase = 1.
Enzyme represents 24% of total protein in top phase.
Peroxidase recovery = 90.8%.
Purification factor = 4.8.
SA = 60 guaiacol/U/mg.

This proposed ATPS is based on the limited number of tests per-
formed in this research, and can change when scale-up and cost analysis
are carried out.

The system provides the possibility of extracting the roots directly
with the phase components, thus obtaining a clear top phase, without the
need for resorting to a clarification step, and recovering a high percentage
of enriched enzyme in a single step.
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