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a  b  s  t  r  a  c  t

The  partitioning  and  purification  of polygalacturonases  (PG)  produced  by  Aspergillus  niger  URM  5162
were  investigated  in  aqueous  two-phase  systems  (ATPS),  formed  by polyethylene  glycol  and  phosphate
salts  (PEG/phosphate).  To  evaluate  the  effect  of  the  4 independent  variables  – molar  mass  of polyethylene
glycol  (PEG)  (400–8000  g/mol  – MPEG),  PEG  concentration  (12.5–17.5%,  w/w  –  CPEG), phosphate  concen-
tration  (15–25%,  w/w,  CPHOS) and  pH (6.0–8.0)  –  on  the 4 response  variables:  partition  coefficient  (K),
activity  yield  (Y), purification  factor  (PF)  and  selectivity  (S), a factorial  design  (24) was  used.  The  endo-
polygalacturonases  (endo-PG)  and  exo-polygalacturonase  (exo-PG)  were  preferentially  partitioned  in
the  top  phase.  For  endo-  and exo-PG,  the  highest  values  for the  response  variables  K  (1.23  and  2.40),  Y
(74.04%  and  17.97%),  PF  (8.18  and  1.98)  and  S (24.68  and  48.07),  respectively,  were  obtained  for  a CPEG of
12.5%  (w/w),  MPEG of  8000  g/mol,  and  CPHOS of  25%  (w/w)  at pH  6.0. These  conditions  were  considered  the
urification factor most  suitable  for the  purification  of  PG  produced  by  A. niger  URM  5162.  Furthermore,  the  most  important
independent  variables  for endo-  and  exo-PG  were  CPHOS and MPEG, respectively.  All  independent  variables
studied  and  their  interactions  significantly  influenced  the  response  variables.  According  to  these  results,
the  PEG/phosphate  system  is  a useful  cost-effective  alternative  for  purification  of  PG produced  by  A. niger
URM  5162.
. Introduction

Pectinases, or pectinolytic enzymes, are a heterogeneous group
f enzymes catalysing the degradation of the pectin component in
he cell wall in plants. They are produced by different species of
lamentous fungi, bacteria and yeasts [1,2]. Filamentous fungi are
he most frequently used microorganisms in the enzyme indus-
ry because at least 90% are produced extracellularly [3–5], hence
aving on costs from extraction of whole cells. Aspergillus niger is
he most commonly used fungus in large-scale production of pecti-
olytic enzymes [6] and has been assigned the status of Generally

ecognised As Safe (GRAS) by the United States Food and Drug
dministration (FDA). In addition, the World Health Organisation

WHO) considers fungi as ideally exploitable for biotechnology [7].
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Worldwide interest in pectinolytic enzymes has increased par-
ticularly because of their efficacy in improving fruit juice quality
and high industrial value [8]. Polygalacturonases (PG) are among
the most extensively studied pectinolytic enzymes [9]. PG catal-
yse the hydrolytic cleavage of the polygalacturonic acid chain by
the introduction of a water molecules across each oxygen bridge
[10]. PG are classified as endo-polygalacturonases (endo-PG – E.C.
3.2.1.15) or exo-polygalacturonases (exo-PG – E.C. 3.2.1.67). Endo-
PG act randomly on the polygalacturonic acid molecule to release
oligogalactorunic acid, whereas exo-PG act on terminal monomers
of polygalacturonic acid to release monogalacturonic acid [11–13].

There is ongoing interest in efficient methods for separation and
purification that are of low technology and mild enough to preserve
the biological activity of proteins [14,15]. The aqueous two-phases
system (ATPS) is an alternative to more intensive methods that

has been used effectively in the early stages of some purification
processes [16]. In some cases, ATPS can replace the traditional
chromatographic systems which tend to be costly. Purification of
enzymes by ATPS is highly effective, while still retaining a high
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Table 1
Levels of factors used in the 24-experimental design selected for PG extraction by
the  PEG/potassium phosphate ATPS.

Coded values Levels

Low (−1) Central (0) High (+1)

MPEG 400 3350 8000
C 12.5 15 17.5
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evel of activity [17–23]. An ATPS is formed by the incompatibil-
ty between aqueous solutions of two polymers, or a polymer and

 salt at high ionic strength. The most widely used two  polymer
ystem is polyethylene glycol (PEG) and dextran. A polymeric and
igh salt ATPS is PEG and phosphate, sulphate or citrate, where the
igh salt concentration captures a large amount of water molecules

rom solution [24], which is the basis on which the system works.
ATPS offers many advantages including biocompatibility from

he high water content in each phase; low-processing time;
ow-cost; low-energy consumption; reliability in scale-up, and
imple technology [22,23,25]. In addition, proteins are protected
rom denaturation and loss of biological activity due to the high
ater content and low interfacial tension [24]. The partition of

iomolecules in an ATPS is controlled by a set of parameters related
o the molar mass and concentration of polymer, salt concentra-
ion, pH values, temperature, ionic strength and the structure of
he molecule under analysis (e.g., its ionic charge, molar mass,
ydrophobicity and conformational traits) [26–28].

Recently, the application of ATPS has been focused on enzyme
xtractions and purification including cellulases [22], collagenase
29], �-galactosidase [30], laccase [31], lipase [32], pectinases
33–39], phytase [23], proteases [40] and tannase [15]. However,
nly a few studies on partitioning and purification of PG are
ddressed in literature [33–39]. In this context, the purpose of
his study was to evaluate the partitioning and purification in a
olyethylene glycol and phosphate salts ATPS of endo- and exo-PG
roduced by a high PG new producer strain of A. niger URM 5162
s described by Maciel et al. [1].

. Materials and methods

.1. Reagents

Chemicals used in this work were of analytical grade from
igma–Aldrich (St. Louis, MO,  USA).

.2. Polygalacturonases production in a fixed-bed reactor

.2.1. Biomass immobilisation on natural support
Immobilisation of A. niger URM 5162 biomass on orange peel

as performed as previously described elsewhere [1].

.2.2. Submerged fermentation
PG production was carried out in a fixed-bed reactor (FBR) using

mmobilised cells of the A. niger URM 5162 strain and a sample
as removed after 72 h. The FBR (300 mL)  had a working volume

f 260 mL  and was run in continuous mode via a peristaltic pump
1]. The supernatant was the enzyme crude extract which was sub-
ected to enzymatic analysis and extraction for PG by ATPS.

.3. Preparation of the ATPS
ATPS systems were prepared with 3 molar masses of PEG
400, 3350 and 8000 g/mol) and 3 phosphate salts concentra-
ions (Table 1). Aqueous stock solutions of 40% (w/w)  phosphate
quilibria 371 (2014) 125–130

were prepared by mixing appropriate amounts of potassium
phosphate dibasic (K2HPO4), potassium phosphate monobasic
(KH2PO4), sodium phosphate dibasic (Na2HPO4) and sodium phos-
phate monobasic (NaH2PO4) at 3 different pH values (6.0, 7.0 and
8.0) at 25 ± 1 ◦C. The different concentrations of PEG and salt were
added to graduated centrifuge tubes (15 mL)  and the crude enzyme
containing PG, representing 20% of the total system, was  added
to the tubes. Water was added to a final weight of 5 g. The two
phases were separated by settling for 60 min  after vortex mixing for
1 min. The phase volumes were determined, and the top and bottom
phases were removed using pipettes. Approximately 1.5 mL  were
analysed for enzyme activity and protein content to determine the
partition coefficient (K), activity yield (Y), purification factor (PF)
and selectivity (S) of the PG.

2.4. Analytical techniques

Protein concentration was determined in triplicate at 595 nm
[41] with bovine serum albumin as the standard. The endo-PG
activity was measured viscosimetrically by mixing 5.5 mL  of 1%
(p/v) citric pectin in 0.025 M acetate buffer at pH 5.0 (supple-
mented with 1 mM EDTA), with 250 �L of the crude extract and
incubated for 10 min  at 50 ◦C and then cooled in an ice bath. The
viscosimetric unit (U) was defined as the enzyme activity required
to decrease the initial viscosity per minute by 50% [42]. The exo-
PG activity was determined by measuring the release of reducing
groups from citric pectin using the 3,5-dinitrosalicylic acid assay
[43]. The reaction mixture containing solution A (0.5 mL  0.5% citric
pectin in 0.025 M acetate buffer) at pH 5.0 and solution B (0.5 mL
of enzymatic extract), was  incubated at 50 ◦C for 10 min. One unit
of enzymatic activity (U) was  defined as the required amount of
enzyme needed to release 1 mmol  of galacturonic acid per minute.
Enzymatic activities were expressed in units of activity as defined
above per millilitre (U/mL).

2.5. Experimental design and statistical analysis

The effect of molar mass of PEG (MPEG), PEG concentration
(CPEG), phosphate concentration (CPHOS) and pH, on K, Y, PF and
S was evaluated. K, Y, PF and S were determined on the findings
obtained by a 24 factorial design, plus central points, which was
run in quadruplicate to allow estimation of the experimental error
[44] (Table 1). The results were statistically analysed by analysis of
variance (ANOVA) at a significance level p ≤ 0.05. All the statistical
and graphical analyses were carried out with Statistica 8.0 software
(StatSoft Inc., Tulsa, OK, USA) [45].

2.6. Determination of partition coefficient, activity yield,
purification factor and selectivity

K was  defined as the ratio of the volumetric enzyme activity in
the top phase (At) over that in the bottom phase (Ab):

K = At

Ab
(1)

PF was calculated as the ratio of the specific activity in the top
phase over the specific activity in the cell extract before partition
(Ai):

At/Ct

PF =

Ai/Ci
(2)

where, Ct and Ci are the total protein concentrations, expressed in
mg/mL, in the top phase and initial extract, respectively.
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Table  2
Conditions and results of the 24-experimental design for PG extraction by PEG/phosphate ATPS.

MPEG (g/mol) CPEG (%) CPHOS (%) pH Endo-PG Exo-PG

K Y PF S K Y PF S

1 400 12.5 15 6 – – – – – – – –
2  8000 12.5 15 6 0.94 76.60 3.87 0.81 1.69 17.49 0.88 1.45
3  400 17.5 15 6 1.00 138.30 4.70 3.83 1.15 15.90 0.54 4.41
4  8000 17.5 15 6 0.96 111.17 3.45 0.43 2.10 33.33 1.03 0.93
5  400 12.5 25 6 1.06 76.06 4.43 1.51 1.92 16.57 0.96 2.75
6  8000 12.5 25 6 1.23 74.04 8.18 24.68 2.40 17.97 1.98 48.07
7  400 17.5 25 6 1.06 95.85 2.49 1.86 1.64 26.03 0.68 2.88
8  8000 17.5 25 6 1.04 77.45 2.93 2.50 2.09 25.20 0.95 5.01
9  400 12.5 15 8 – – – – – – – –
10  8000 12.5 15 8 1.00 86.17 1.05 0.24 2.06 22.11 0.27 0.50
11  400 17.5 15 8 0.91 143.83 3.26 0.71 1.62 31.50 0.71 1.26
12  8000 17.5 15 8 0.96 102.13 0.87 0.31 2.35 26.63 0.23 0.76
13  400 12.5 25 8 0.87 60.00 3.31 0.54 2.12 13.78 0.76 1.32
14  8000 12.5 25 8 0.83 52.66 1.95 0.32 2.00 21.50 0.80 0.77
15  400 17.5 25 8 0.87 83.40 1.15 0.47 0.64 12.53 0.17 0.35
16  8000 17.5 25 8 0.73 56.70 7.71 10.49 0.39 9.66 1.31 5.56
17a 3350 15.0 20 7 0.89 78.19 2.76 2.49 0.46 11.83 0.42 1.28
18a 3350 15.0 20 7 0.90 75.00 2.65 2.53 0.47 9.77 0.35 1.32
19a 3350 15.0 20 7 0.83 83.40 2.76 2.74 0.53 11.98 0.40 1.74
20a 3350 15.0 20 7 0.83 70.21 2.07 2.08 0.63 12.43 0.37 1.58
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a Central point repetitions.

Y was defined as the ratio of total activity in the top phase over
hat in initial extract expressed as a percentage:

 =
(

AtVt

AiVi

)
× 100 (3)

here, Vt and Vi are the volumes of the top phase and the initial
xtract, respectively.

The selectivity (S) was defined as the ratio K enzyme to the
rotein partition coefficient (Kp):

p = Ct

Cb
(4)

here, Ct and Cb are the total protein concentrations, expressed in
g/mL, in the top and bottom phase, respectively.

 = K

Kp
(5)

. Results and discussion

.1. Partition coefficient, activity yield and purification factor of
ndo-PG

The highest enzymatic activities for endo-PG (4.13 U/mL) and
xo-PG (1.18 U/mL) were detected after 72 h of fermentation. This
ime was the same used for the production and purification of PG
rom the fermentation crude [1].

The results for K from endo-PG purification using the
EG/phosphate ATPS are presented in Table 2. Endo-PG partitioned
referentially in the top PEG rich phase (K > 1). These data corrob-
rated those obtained by Lima et al. [34], that also described the
ndo-PG partitioning to the top phase (K = 1.35). Values of K greater
han a unity indicate effective partitioning to the top phase in the
ystem [46]. Most pectinolytic enzymes preferentially partitioned
nto the PEG-rich top phase, particularly, when a PEG of low molar

ass was used [36]. In contrast, Lima et al. [34] using PEG of high
olar mass (10.000 g/mol) the endo-PG was partitioned to the top

hase. However, Antov et al. [38] used PEG of a low molar mass (PEG

000/ammonium sulphate system) for endo-PG partitioning, and
bserved that the enzyme partitioned preferentially to the bottom
alt-rich phase. Volume exclusion can occur in the case of PEG/salt
ystems consisting of high MPEG, due to the lack of molecular space
for the enzyme [47,48]. High molar mass of PEG decreases the K of
the system [49]. In contrast, PEG of low molar mass increases the
K value and consequently the migration of enzyme to the PEG-rich
phase.

In the present study, the effect of volume exclusion did not influ-
ence the partitioning of endo-PG. The enzyme partitioning to the
top phase was observed when a high PEG molar mass (8000 g/mol)
was used. The possible cause could have been an electrostatic inter-
action between the endo-PG molecules, with a negatively charged
surface lower than the pH used in the present study, and the posi-
tively charged PEG molecules. Kirsch et al. [40], Herculano et al. [22]
and Neves et al. [23] also did not observe a volume exclusion effect
on the partitioning of proteases, cellulases and phytase, respec-
tively. However, the effect was observed by Rosso et al. [29] with
collagenase from Penicillium aurantiogriseum, where an increase in
concentration was  observed in the bottom phase in almost all cases.

The low molecular weight (35–85 kDa) of the endo-PG [50,51]
may  also have influenced the partitioning for the PEG-rich top
phase. Hence, in the top phase there was enough space for the
accommodation of the enzyme when using PEG with high molec-
ular weight (8000 g/mol). Enzymes with high molar mass can be
excluded due to the higher PEG molar masses [52]. Salting out can
also be observed when the salt concentration in the bottom phase
of the system is high and there is a migration of the enzyme to the
PEG-rich phase [47]. This is not the case in the present study, since
under the high value of CPHOS the enzyme remained in the bottom
phase.

The results of variations in K (0.73–1.23), Y (52.66–143.83%),
PF (0.87–8.18) and S (0.24–24.68) of the endo-PG produced by A.
niger URM 5162 are shown in Table 2. The optimal conditions were
determined for the system with the following independent vari-
ables: MPEG of 8000 (g/mol), CPEG of 12.5% (w/w), and CPHOS of 25%
(w/w) at pH 6.0, which generated the results: K = 1.23, Y = 74.04%,
PF = 8.18 and S = 24.68 (Table 2, run 6).

MPEG, CPEG and CPHOS, showed a positive effect on K (Table 3).
The positive effect means that the highest level of the 3 indepen-
dent variables promoted the partitioning of the endo-PG to the top

phase. In contrast, pH had a negative effect on K. The pH may  have
influenced the partitioning of the endo-PG to the top phase because
the enzyme has an acidic isoelectric point [53] and a negatively
charged surface under the pHs used in the present study. The
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Table 3
Effects calculated from the responses of results of the 24-experimental design for the extraction of PG using PEG/phosphate ATPS.

Endo-PG Exo-PG

K Y PF S K Y PF S

(1) MPEG 12.35* 1.78 8.00* 32.63* 18.92* 12.18* 28.13* 65.84*

(2) CPEG 10.29* 17.29* 2.83 32.61* −0.67 15.10* −0.22 −63.10*

(3) CPHOS 12.32* −3.70* 11.23* 32.35* 7.01* −0.79 30.69* 62.12*

(4) pH −7.13* −2.91 −8.06* 31.07* −5.74* −3.13 −21.58* 60.67*

1 × 2 −14.28* −12.06* −2.96 27.68* −7.05* −8.43 −6.07* 57.45*

1 × 3 −12.66* −6.69* 6.08* 26.27* −15.40* −9.89* 10.19* 56.36*

1 × 4 −1.24 −0.84 −2.21 −20.21* −3.56* −2.83 −13.29* −53.26*

2 × 3 −13.98* −12.72* −8.22* −15.38* −22.60* −13.58* −21.36* −51.41*

2 × 4 −0.36 −0.40 7.19* −14.76* −6.80* −5.40* 9.52* −51.10*

3 × 4 −6.70* −3.46* 2.19 −14.33* −12.66* −8.85* −2.25 50.90*

1 × 2 × 3 10.41* 8.83* 9.88* −13.37* 6.00* 3.01 11.69* −49.72*

1 × 2 × 4 0.73 −1.22 9.68* −10.39* −2.17 −7.47* 11.48* −46.76*

1 × 3 × 4 −3.06 −0.39 3.72* −6.73* −4.57* 4.65* 11.41* −38.66*

−6.67
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2 × 3 × 4 1.58 0.78 8.99*

* Statistically significant values (at the 95% confidence level).

hysical conditions discussed above make the endo-PG migrate to
he top phase, which is positively charged and occurs through an
lectrostatic interaction between the endo-PG and PEG molecules.
hese results are in accordance by Cavalcanti et al. [54] and Azevedo
t al. [55] that demonstrated negatively and positively charged pro-
eins have a preference to the top and bottom phases, respectively.

The positive interaction between the variables MPEG and CPHOS
romoted the highest values of PF. Lower pH showed negative
ffect in the statistical analysis of the response PF, where lower val-
es provided a greater PF for endo-PG (Table 3). The highest value
f PF (8.18) was  obtained with CPEG of 12.5% (w/w)  and CPHOS of
5% (w/w) (Fig. 1).

The highest value of Y (143.83%) was obtained using 400 (g/mol)
PEG, 17.5% (w/w) CPEG and 15% (w/w) CPHOS at pH 8. 0 (Table 2).
igher levels of CPEG and lower CPHOS lead to an increase in Y

Table 3). Comparable results were obtained by Lima et al. [34].
he authors used a PEG/potassium phosphate ATPS and obtained a

ighest PF of 16.28 and lowest Y of 53.5% for endo-PG. In addition,
osso et al. [29] used a PEG/phosphate ATPS for collagenase from P.
urantiogriseum URM 4622 and obtained higher values of PF (23.5)

ig. 1. Simultaneous effect of the response variables CPEG (%, w/w) and CPHOS (%,
/w) on the PF of endo-PG produced by the strain A. niger URM 5162 in ATPS. The

xperiments were performed according to the 24-experimental design.
* −8.94* −7.21* 9.81* −36.14*

and Y (242%) obtained using 20% (w/w) PEG 550 and 17.5% (w/w)
phosphate at pH 6.0.

A MPEG of 8000 (g/mol), CPEG of 12.5% (w/w), and CPHOS of 25%
(w/w) at pH 6.0 was  the most selective for effectively separating
the endo-PG to the top phase and other enzymes to the bottom
phase (Table 2, run 6). All variables and their interactions showed
a significant effect on S with MPEG, CPEG, CPHOS, and pH showing
a positive effect on S. However, CPHOS was  the variable that had
the higher effect on purification of endo-PG. Moreover, the positive
interaction among MPEG, CPEG and CPHOS also affected positively K,
Y and PF, but had a negative effect on S (Table 3). Cavalcanti et al.
[56] and Kirsch et al. [40] observed that CPEG and CPHOS influenced
K, Y and PF. Moreover, pH was also considered to affect K directly
[57]. In the present study, pH had a significant negative effect on K
and PF for endo-PG.

3.2. Partition coefficient, activity yield and purification factor of
exo-PG

For K, exo-PG preferentially partitioned to the top phase (K > 1)
(Table 2). These data corroborated those obtained by Lima et al. [34],
where the authors used PEG 400/phosphate with NaCl (K = 5.35)
and observed that the exo-PG partitioned to the top PEG-rich
phase. As stated previously, most pectinolytic enzymes have a
preference to the top rich-PEG phase, particularly, when a PEG of
low molar mass is used [36]. Thus, Antov et al. [38] using a PEG
4000/ammonium sulphate system for exo-PG partition, observed
that the enzyme preferentially partitioned to the bottom salt-rich
phase. In the present study, MPEG, CPHOS and pH were the significant
independent variables: while MPEG and CPHOS showed a positive
correlation and pH had a negative correlation with K (Table 3).
The effect of volume exclusion did not influence the partitioning of
endo-PG, as the enzyme partitioned to the top phase when a high
PEG molar mass (8000 g/mol) was used. As discussed above, the
pH may  have influenced the partitioning of the exo-PG to the top
phase due to the isoelectric point in the acidic region of the enzyme
[58]. The effect of volume exclusion caused by high PEG molecu-
lar weight was not observed for endo-PG because of the low molar
mass exo-PG (40–82 kDa) [51,59]. The salting out effect was  not
observed since in high CPHOS concentration the enzyme remained
in the bottom phase.

These results were confirmed as the optimal conditions for par-
titioning of exo-PG into the PEG-rich phase: MPEG of 8000 (g/mol),

CPEG of 12.5% (w/w), and CPHOS of 25% (w/w) at pH 6.0 (K = 2.40)
(Table 2, run 6). Overall, results indicated variations in the K
(0.39–2.40), Y (9.66–33.33%), PF (0.23–1.98) and S (0.35–48.07) of
exo-PG produced by A. niger URM 5162 (Table 2).
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Fig. 2. Simultaneous effects of CPEG (%, w/w) and CPHOS (%, w/w) on PF of exo-PG
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rom A. niger URM 5162 by ATPS. Experiments were performed according to the
4-experimental design.

MPEG and CPEG were significantly positive in the statistical anal-
sis of the response Y. The higher values of the MPEG and CPEG lead to
reater Y for exo-PG. In addition, the interaction between CPEG and
PHOS was negative, so that the increase in the CPEG and decrease

n the CPHOS, provided a greater Y for exo-PG. As for endo-PG, the
PHOS and MPEG were significantly positive to PF, whereas the pH
as significantly negative to this response variable. The optimal

onditions for PF (1.98) (Fig. 2) were a MPEG of 8000 (g/mol), CPEG
f 12.5% (w/w), and CPHOS of 25% (w/w) at pH 6.0 (Table 2, run
). Kirsch et al. [40] used a PEG/phosphate ATPS for proteases par-
ition produced by Lentinus citrinus DPUA 1535 and showed that
he proteases partitioned to the top phase. The authors obtained
he best condition for proteases extraction with a MPEG of 6000
g/mol), CPEG of 17.5% (w/w) and CPHOS of 25% (w/w). In addition,
he values obtained for the response variables PF and Y were 1.1
nd 151%, respectively. In order to evaluate the purification of �-
oxin from Clostridium perfringens type A, Cavalcanti et al. [56] used

 PEG/phosphate ATPS and obtained the highest values for the PF
5.7) when using a CPEG and CPHOS of 17.5% and 15%, respectively.

The conditions of MPEG of 8000 (g/mol), 12.5% of CPEG (w/w), and
PHOS of 25% (w/w) at pH 6.0 also were the most selective, allowing
or separating the exo-PG in the top phase and other enzymes in the
ottom phase (Table 2, run 6). All variables and their interactions
howed a significant effect on S (Table 3). The MPEG, CPHOS, and pH
howed a positive effect on S, where the increase of the values of
hese variables provides greater selectivity of the system. However,
he CPEG showed a negative effect in the response S, where lower
alues of this variable provided greater selectivity.

In addition, MPEG was the independent variable which most
nfluenced the response variables K, Y, PF and S of exo-PG. This

as also observed by Herculano et al. [22] who studied cellulases
urification in ATPS. Lima et al. [34] observed that MPEG signifi-
antly influenced the K of endo- and exo-PG. In the present study,
he interaction between CPEG and CPHOS also influenced negatively
he 3 variables response K, Y, PF and S (Table 3).
Overall, the most suitable condition for the purification of endo-
nd exo-PG produced by A. niger URM 5162 were 12.5% (w/w) PEG
000, 25% (w/w) CPHOS, at pH 6.0 which gave PFs of 8.18 and 1.98

[

[
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and yields of 74.4% and 17.97% for endo-and exo-PG, respectively
which were good results.

4. Conclusion

This paper shows the feasibility of using ATPS as a first step
in the purification of PG from a fungal crude extract. Endo- and
exo-PG were obtained in the top phase of the PEG/phosphate ATPS
depending on what conditions were used. Very good results were
obtained for an initial purification from a crude extract. The ATPS
presented in this paper is a promising and low cost alternative for
partial purification of PG produced by A. niger URM 5162.
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