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Abstract

The non-acidic polygalacturonases produced by Aspergillus kawachii in a glucose/tryptone medium were
adsorbed to a glass fiber microfilter that was used to clarify the fermentation broth. Maximum adsorption
occurred at pH 3 under low ionic strength conditions. The adsorbed activity could be readily released with a
buffer solution at pH 5. Based upon these observations, a separation process was developed which enabled
the broth to be clarified and, at the same time, the non-acidic polygalacturonases to be concentrated 20-fold
and purified 100-fold in a unique filtration step. The practical advantage of recovering polygalacturonases
by a filtration process lies in the simplicity and efficiency of the operation involved.

Introduction

Fungal polygalacturonases either alone or in
combination with other pectinases have several
commercial applications in the food and bever-
age industries (Pilnik & Voragen 1993). Recent
reviews have also highlighted the potential use of
these enzymes in the pulp industry, wastewater
treatment and for retting and degumming of fi-
ber crops (Kashyap et al. 2001). In order to
characterize and study the properties of polygal-
acturonases, the enzymes must be purified. This
is usually carried out by a multi-step process
involving biomass separation, concentration, pri-
mary isolation, purification and polishing as the
main unit operations (Asenjo 1990). The conven-
tional procedures for the initial recovery of
polygalacturonases from the culture broth in-
clude concentration under reduced pressure,
ultrafiltration, fractionation with salts or
solvents, adsorption on inorganic supports and

aqueous two-phase systems (Rombouts & Pilnik
1980, Bailey & Ojamo 1990, Sakai et al. 1993,
Wu et al. 2001, Sathyanarayana et al. 2003).
These procedures are usually laborious and time
consuming although enzyme recovery may be
high. Furthermore, recovery or disposal of mate-
rials used in the separation process may increase
the cost of the separation step or result in envi-
ronmental pollution. Therefore, development of
alternative separation process for the initial isola-
tion of these enzymes from the cultivation media
is always needed. In a previous work, we re-
ported the purification of an acidic endo-polygal-
acturonase (PGI) from the culture filtrate of
Aspergillus kawachii grown in a glucose-trytone
medium (Contreras Esquivel & Voget 2004). The
PGI purification scheme includes the filtration of
the fermentation broth through a glass fiber mi-
crofilter (GFM) in order to obtain a particle-free
protein solution prior to enzyme recovery. The
GFM was routinely used for that purpose due to
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its high capacity for sub-micron particles and
resistance to clogging. The non-acidic polygalac-
turonase activity produced by A. kawachii in the
glucose/tryptone medium was adsorbed to the
GFM during the filtration process. The adsorp-
tion phenomenon was unexpected since there was
no previous report on the adsorptive properties
of this type of microfilter towards proteins. The
adsorbed activity could subsequently be released
from the filter by elution with a buffer solution
resulting in a high recovery of the enzyme activ-
ity. Based upon these observations, a simple sep-
aration process has been developed which
enabled to perform broth clarification together
with the concentration and partial purification of
two non-acidic polygalacturonases in a unique
filtration step. In this way the overall purification
process of these enzymes was greatly enhanced,
as compared to previously reported methods.

Materials and methods

Microorganism, culture conditions and biomass
separation

Aspergillus kawachii IFO 4308 was cultured at
30 �C in a 1-litre flask filled with 100 ml GT
medium containing 10 g glucose/l and 5 g tryp-
tone/l (Contreras Esquivel et al. 1999). The ini-
tial pH was adjusted to 4.0 and the cultivation
was carried out for 35–40 h. At that time, glu-
cose was almost consumed and culture pH
reached the lowest value (around 2.5). Separation
of the fungal mycelium was achieved by filtration
of the whole broth through a cheese cloth and
the obtained permeate kept frozen at )20 �C un-
til use. The mycelium-free fermentation broth is
herein referred as FB.

Filtration procedure

Filtration was carried out by using a vacuum fil-
tration unit equipped with a 47 mm polysulfone
filter holder. The effective filtration area was
�10.5 cm2. Unless otherwise stated, the borosili-
cate glass fiber microfilter was obtained from
Osmonics Inc (47 mm, nominal pore size
0.45 lm, G15WP04700). These filters contained
an acrylic resin as a binder (Osmonics, technical
information). The filter was used as received,

without any treatment. Filtration was carried out
at 20–25 �C in the normal flow filtration mode at
a flow rate of 20–25 ml/min. To ensure equilib-
rium conditions, samples were filtered three times
through the same filter (by recycling the perme-
ate). The obtained permeate was kept refriger-
ated until use.

Activity assays

Polygalacturonase (PG) activity was assayed by
measuring the release of reducing groups by the
dinitrosalicylic acid method. The reaction mix-
ture contained 2 ml 0.5% polygalacturonic acid
solution in NaCP buffer and 50 ll of enzyme
solution (NaCP buffer contained 50 mM citric
acid/25 mM Na2HPO4 adjusted to pH 6 with
NaOH and then recalibrated to the desired pH
with HCl.). b-Glucosidase was measured with
1 mM p-nitrophenyl-b-D-glucopyranoside in
NaCP buffer, pH 5 (Iwashita et al. 1998), acid-
protease with denatured hemoglobin at pH 3
(Yagi et al. 1986) and amylase with 1% soluble
starch in NaCP buffer, pH 5 (Mikami et al.
1987). Enzyme activities were measured at 37 �C.
Protein was determined by the Lowry method
using BSA as standard.

Polygalacturonase purification

The purification of polygalacturonases by col-
umn chromatography was performed at room
temperature by using an FPLC system. The con-
centrated PG solution obtained after the GFM
sorption process was dialyzed overnight against
NaCP buffer pH 5 (1/4 strength) and loaded
onto a Sepharose SP FF column (1.6�20 cm,
140 ml gel) pre-equilibrated with the same buffer.
After washing the column with two volumes of
buffer, the bound proteins were eluted with a lin-
ear gradient of NaCl (0 to 0.5 M NaCl in buffer).
The column was operated at a flow rate of
0.75 ml/min and fractions of 5.0 ml were col-
lected. Active fractions were pooled, dialyzed
overnight against buffer and freeze-dried. The so-
lid preparation was dissolved in a minimum
amount of deionised water and poured over a
Sephacryl S-100 column (XK 16/70, 100 ml gel)
pre-equilibrated with NaCP buffer, pH 5.0. The
column was eluted with the same buffer at a flow
rate of 3 ml/min and fractions of 2 ml were
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collected. Active fractions were pooled, dialyzed
overnight against NaCP buffer (1/10 strength),
pH 5, freeze-dried and kept refrigerated until use.
SDS-PAGE and isoelectric focusing were carried
out as described elsewhere (Contreras Esquivel &
Voget 2004).

Results and discussion

Polygalacturonase adsorption

As previously reported, A. kawachii IFO 4308
cultivated in GT medium produced significant
amounts of PG activity but activities of other
pectinases were not detected (Contreras Esquivel
et al. 1999). Figure 1 shows the pH vs activity
profile of the PG activity measured before and
after filtration of FB at pH 3. PG activity in the
permeate decreased, as compared to FB, at pH

values higher than 2.5 being negligible at pH 5.0.
Further experiments showed that this phenome-
non was due to the adsorption of the PG activity
to the GFM. Based on these results, it was also
inferred that at least two groups of PGs were
produced by A. kawachii in GT medium. One
group corresponded to those PGs active in the
pH range 2.0–2.5 but inactive at pH 5, which did
not bind to the GFM. According to another
study, the main component of this group was
PGI, an acidic endo-PG (Contreras Esquivel &
Voget 2004). The other group corresponded to
those PGs active at pH 5 but not at pH 2.0–2.5
(hereafter referred as PG5 or non-acidic polygal-
acturonases), which were bound to the GFM.
PG5 activity in GT medium varied from 1.2 to
5.6 U/ml.

Effect of different variables on PG5 adsorption

Maximum adsorption of PG5 to the GFM oc-
curred at pH 3 and was negligible at pH 5
(Figure 2). On the other hand, the acidic PG
activity (measured at pH 2) was not adsorbed in
the pH range tested (not shown). The increase of
the ionic strength of FB (at pH 3) by adding
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Fig. 1. pH vs activity curve of polygalacturonase before and
after filtration of the fermentation broth through a borosili-
cate glass fiber microfilter (GFM). After the separation of the
mycelium, the pH of the fermentation broth (FB) was ad-
justed to 3 and filtered three times (by recycling the filtrate)
through a borosilicate glass fiber microfilter (47 mm, 0.45 lm
pore size, OSMONICS) using a 47 mm polysulfone vacuum
filtration unit. Filtration was carried out at 25 �C, at a flow
rate of 20–25 ml/min. The filtered FB volume was 50 ml. Po-
lygalacturonase activity was determined in FB and the perme-
ate by measuring the release of reducing groups in a reaction
mixture containing 2.0 ml of 0.5% PGA solution in NaCP
buffer and 50 ll of enzyme solution.
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Fig. 2. Influence of fermentation broth pH on the adsorption
of PG5 to the GFM. The pH of FB was adjusted to the de-
sired value with HCl or NaOH. One filter was used for each
pH experiment. The filtered FB volume was 50 ml and filtra-
tion conditions were those described in Figure 1. PG5: polyg-
alacturonase activity measured at pH 5.0.
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NaCl resulted in a decrease of PG5 adsorption.
At 1 M NaCl, adsorption was completely avoi-
ded. Neutral detergents such as octyl-glucoside,
Tween 80 and Triton X-100 at 0.1% showed no
effect on PG5 adsorption. Similar results were
obtained with a GFM without binder (nominal
pore size 1.0 lm, G20MP04750), indicating that
the binder was not involved in protein adsorp-
tion. This result also suggests that the borosili-
cate glass was the active adsorbent of PG5.
Adsorption probably occurred through electro-
static interactions and hydrogen bonding as it
has been reported for other inorganic adsorbents
(Green & Wase 1986).

Effect of the feeding volume on PG5 adsorption

Figure 3 shows that the amount of PG5 ad-
sorbed to the GFM increased with the increase
of the feeding volume and plateaued at a loading
level of 750 ml which corresponds to �500 U/fil-
ter. Due to equilibrium conditions, the propor-
tion of adsorbed activity rapidly decreased after
a feeding volume of 300 ml.

PG5 desorption

PG5 was readily released from the GFM when the
original permeate was used as eluant at pH 5 or by
using buffer solutions of appropriate pH and ionic
strength. Figure 3 shows the desorption process
carried out with NaCP buffer, pH 5. Maximum
PG5 recovery was 80% of the adsorbed activity.
On the other hand, no PG5 activity was released
with NaCP buffer (1/4 strength), pH 3.0. This buf-
fer was therefore selected to wash the filter from
non-adsorbed components.

PG5 purification
Table 1 summarizes the purification of the non-
acidic polygalacturonases. After the sorption
process by using the GFM, a 20-fold concen-
trate PG5 solution was obtained together with a
100-fold increase in specific activity. Some non-
pectolytic activities produced by the fungus in
GT medium were also present in the concen-
trated PG5 solution, being the b-glucosidase the
most relevant activity (Table 1). Two PG5 frac-
tions, which were designated PGII and PGIII,
respectively, were separated by cation-exchange
chromatography. The PGII fraction was homo-
geneous when examined by SDS-PAGE (Fig-
ure 5) and by isoelectric focusing (not shown).
PGII represented more than 95% of the total
PG5 activity and may be considered the main
non-acidic polygalacturonase produced by A.
kawachii in GT medium. PGIII was not de-
tected by SDS-PAGE due to the very low pro-
tein concentration present in this sample. Minor
impurities were removed from the PGII and
PGIII preparations by gel permeation chroma-
tography. The concentration of active fractions
by freeze-drying after being eluted from chro-
matographic columns caused the major losses of
polygalacturonase activity. Analysis of the puri-
fication process by SDS-PAGE confirmed that
in addition to PGII and PGIII, other proteins
were separated and concentrated by the GFM
sorption process, being a 100 kDa protein the
most important contaminant, which may be re-
lated to the b-glucosidase activity (Iwashita
et al. 1998). Neither this protein nor PGII could
be observed in the FB sample. On the other
hand, some major bands present in FB were ab-
sent in both the original permeate and the elu-
ate of the GFM. Further research is needed to
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Fig. 3. Effect of the feeding volume on PG5 adsorption.
900 ml of FB at pH 3 was filtered in 50 ml volume fractions.
PG5 adsorption after each filtration step was calculated
according to: (ACM–AP)�50, where AFB and AP are the FB
and permeate PG5 activities respectively. PG5 activity in FB
was �1.2 U/ml. Filtration conditions were those described in
Figure 1.
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determine whether these proteins have been irre-
versibly bound to the GFM or they could not
be released under the chosen conditions.

Enzymatic properties of the purified
polygalacturonases

The molecular mass of PGII estimated by SDS-
PAGE was 41 kDa while that obtained by gel

filtration was 38 kDa. This result indicates that
PGII is a monomeric protein. The pI of PGII
was estimated to be 5.3. The molecular mass of
PGIII estimated by gel filtration was 35.5±1.03.
The optimum pH for PGII and PGIII towards
PGA were 4.7 and 5, respectively (Figure 4).

Table 1. Purification of non-acidic polygalacturonases from A. kawachii.

purification step Volume (ml) Protein (mg) PG5 Activity

(Units)

Specific Activity

(Units/mg protein)

Yield (%) Purification

factor

FB 900 105 1570 15 100 1

GFMa 30 0.77 1160 1506 74 100

Sepharose SPb

PG-II 40 �0.13 596 4585 38 306

PG-III 30 negligible 16 – 1 –

Sephacryl S-100c

PG-II 40 – 360 – 23 –

PG-III 30 – 4.5 – 0.29 –

aAdsorption of PG5 to the GFM was carried out by filtering 300 ml FB at pH 3. After washing the filter with 10 ml of NaCP buffer (1/
4 strength), pH 3, the bound activity was eluted with two 5 ml volume fractions of NaCP buffer, pH 5. The eluates from the three
batches of filtration were pooled and polygalacturonases purified as described in Materials and methods. Measured activities in the
eluate were: PG5: 38.7 U/ml, b-glucosidase 0.65 U/ml (33%), acid protease 2.0 U/ml (1.2%), amylase 0.26 U/ml (4.6%). In brackets:
activity recovered in the eluate as % of the FB activity.
bElution of PGII and PGIII occured at 75 mM and 270 mM NaCl respectively.
cActive fractions were pooled, dialysed overnight against NaCP buffer (1/10 strength) pH 5, freeze-dried and kept refrigerated until use
for the determination of enzyme properties.
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Fig. 4. Elution of PG5 adsorbed to the GFM. 300 ml of FB
at pH 3 was filtered through a GFM. After washing the filter
with 10 ml of NaCP buffer (1/4 strength), pH 3, the bound
PG5 activity was eluted stepwise with 5 ml volume fractions
of NaCP buffer, pH 5. PG5 recovery was expressed as % of
the adsorbed activity. Filtration conditions were those
described in Figure 1.

Fig. 5. Progress of polygalacturonases purification visualised
on SDS-PAGE gel. Lane 1, molecular mass standard pro-
teins; lane 2: FB (10.5 lg); lane 3: permeate (9.6 lg); lane 4:
eluate from the glass fiber microfilter (3.0 lg); lane 5: PGII
active fraction from cation-exchange chromatography (1.0 lg
protein), lane 6. Idem 4 (1.2 lg). In brackets: amount of pro-
tein loaded on the gel. Samples for SDS-PAGE were desalted
with a PD-10 column equilibrated with water and concen-
trated by freeze-drying.
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Both polygalacturonases reduced the viscosity of
a 1% PGA solution by 50% with a less than
10% increase in reducing sugar groups. This
indicate an endo-action (Tutobello & Mill 1961).
These results suggest that PGII and PGIII are
fairly typical fungal endo-PGs (Rombouts &
Pilnik 1980, Kester & Visser 1990, Sakai et al.
1993, Jayani et al. 2005).

Conclusions

Two A. kawachii endo-polygalacturonases were
recovered from the fermentation broth by
adsorption to a glass fiber microfilter. Although
adsorption was not completely selective, after the
elution process a highly concentrated and puri-
fied polygalacturonase solution was obtained.
Properties of the purified polygalacturonases in-
volved in the adsorption process suggest that
similar enzymes from other fungal strains may
also be adsorbed to the glass fiber microfilter. As
microfiltration is a common operation unit in the
downstream processing of proteins and enzymes,
the glass fiber microfilter may be promising to
use as an adsorptive medium for polygalacturon-
ase separation and enrichment.
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