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Introduction
Pectolytic enzymes (pectinases) are the ones which catalyze 

decomposition of pectic substances [1]. Increased interest in pectolytic 
enzymes is stipulated by their application in complicated bioengineering 
processes, such as obtaining physiologically active products of oriented 
enzymatic hydrolysis of pectic polysaccharides [2]. Pectinases were the 
first enzymes which were used in the fruit-processing industry; their 
initial application had been reported already in the 1930s [3,4]. For 
most fruits the use of pectinase is an obligatory condition of processing 
[5]; upon processing of grapes for wine production [6], the use of 
pectinase is not an obligatory engineering condition, but it improves 
the final quality. This is why winemaking involves various substances 
with pectinase. This is stipulated by two peculiar features of commercial 
pectinases. Firstly, pectinase is not a single enzyme, but, rather, a set of 
several pectin-splitting substances: pectinesterases, polygalacturonases, 
pectin lyases, and pectate lyases. Secondly, commercial pectinases 
are not pure enzymes and are usually characterized with secondary 
activity (which depends on the applied enzyme), which provides 
advantages (or stipulates disadvantages) in grape processing. The 
secondary activity is evident in the fact that pectinases act as cellulase, 
hemicellulase, β-glucanase, β-glycosidase, and protease [7,8]. 

Enzyme purification and extraction methods depend on applied 
use of the obtained pectolytic substance. Engineering purposes can 
be performed using raw enzyme, whereas enzyme application in 
food industry requires for obligatory purification [9]. It is known 
that the difficulties occurring upon production of highly purified 
pectolytic enzymes are defined by the fact that pectinases are mostly 
glycoproteins, where oligosaccharide remainders are coupled with 
protein molecules by covalent bonds. As a consequence of ionic 
and hydrophobic interactions between the enzyme and substrate 
enzyme, substrate complexes can be generated in culture liquids, 
which have the properties of individual compounds. The enzyme–
substrate complexes can be destroyed upon variation of the medium’s 
acidity and ionic strength of solution as a consequence of thermal 
dissociation or due to displacement of substrate remainders upon 
generation of stronger ionic pairs of enzyme molecules with other 
compounds [10].

Existence of carbohydrates and pectic substances in the enzyme 
can falsify significantly the results of analysis of fermentolysis products 
of pectic polysaccharides and hinder extraction of physiologically 
active fragments [11]. Therefore, development of production of highly 
purified and highly active pectolytic enzymes is very urgent.

Materials and Methods 
Filamentous fungus Aspergillus awamori 56-2-53-85-375 was 

obtained as a consequence of multistage selection and mutagenesis by 
experts of the Chair of Biotechnology, Auezov South-Kazakhstan State 
University; it exists on slanting wort agar at 48C. 

Activity of the pectolytic complex of enzymes was determined 
according to the procedure described in valid Standard GOST 20264.3-81.  
Specific activity of the enzymes was calculated as the ratio of solution 
activity (units/ml) to total content of protein (mg/ml). Unit pectolytic 
activity was defined as the amount of enzyme which catalyzes 
hydrolysis of 1 g of pectin to products not deposited by zinc sulfate 
upon hydrolysis under strictly defined conditions: t 308C, τ 1 h, pH 4; 
enzyme to substrate ratio in reactive medium providing hydrolysis of 
30% pectin taken for reaction. Activity loss of enzyme solutions was 
calculated by the ratio of difference between initial and final activity 
values of pectinase to its initial value expressed in percentages. Protein 
content was determined by the Lowry method [12]. 

Activated coals for purification of culture liquid was preliminarily 
milled and subdivided into fractions by sieving for obtaining of 
granules with the particle sizes from 100 to 280 μm. A 1,000 ml of 
culture liquid at 48C was mixed with microporous coals, the mixture 
was agitated in a magnetic stirrer for 30 min, and then the sorbent was 
separated by filtration under vacuum in a Dolphin LC 0030 A water 
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and capillary channels with the volume of 0.23-0.26 ml/g [15]. Table 1 
summarizes the values of purification degree in terms of color index as 
a function of pH upon processing of the culture liquid obtained after 
cultivation of filamentous fungus A. awamori 56-2-53-85-375 activated 
by coals, grades SKT, BAU-B, and KAD-G and their dosage. 

The obtained data demonstrate that in the pH range of 3.0-3.5 
for all considered grades of activated microporous coals, the highest 
efficiency of purification of enzyme solutions is obtained. It can be 
seen in Table 1 that at optimum pH the influence of sorbent dosage 
in the culture liquid on purification efficiency is directly proportional. 
High efficiency upon discoloration and purification of the solution is 
observed with the use of coal, grade KAD-G, with the concentration 
of 10 g/l.

Activated coal KAD-G is usually applied for removal of organic 
impurities from waste waters upon production of galvanic coatings 
as well as for purification of recycled and processed waters. Its major 
properties are as follows: grain sizes, mm: 1.0-2.8; bulk density,  
g/dm3: 460; strength, %: 70; total pore volume, cm3/g: 0.7; volume 
of micropores, cm3/g: 0.23-0.26; adsorption capacity, %: 60-62; ash 
weight fraction, %: 10-12 [16]. 

Therefore, on the basis of the obtained data, it is possible to conclude 
that the application of porous coal, grade KAD-G, with the aim of 

ring pump (Busch, Germany). Protein content and pectinase activity 
were determined in the filtrate. The content of pectic substances in 
culture liquids was determined by color index by measurement of 
optical density using a KFK-2 photocolorimeter at a wave length of  
315 nm. The purification degree in terms of color index was estimated 
as the ratio of difference between initial and final activity values of 
pectinase to its initial value expressed in percentages.

The filtrate of culture liquid was processed by a A500P strong-base 
ion-exchange resin in the amount of 80 g/l with subsequent agitation 
of the slurry for 30 min at pH 4 and 48C, and then the adsorbent was 
separated by filtration under vacuum in a Dolphin LC 0030 A water 
ring pump (Busch, Germany). Acidity of the solution was adjusted by 
an addition of 0.1 М sodium hydroxide into the medium.

Pectolytic enzyme was activated by nanosized Si-hydroxyapatite, 
which was synthesized by the procedure of deposition from solutions 
described elsewhere [13]. Saturated solution of calcium hydroxide and 
solution of orthophosphoric acid were used as reagents. Tetraethoxysilane 
was used as the “supplier” of SiO4

4 anion. Average crystalline size of 
the obtained powders was determined by the Williamson‒Hall method 
using a Rigaku Ultima IV diffractometer, and specific surface area 
was determined low temperature adsorption and thermal sorption of 
nitrogen (Brunauer–Emmett–Teller  (BET)  theory) using a ТriStar II 
3020 gas-adsorption analyzer. Nanosized Si-hydroxyapatite was added 
to a partially purified enzyme solution in the concentration of 30 g/l 
for 30 min at 48C and pH 6. After separation of gel from the enzyme 
solution by filtration under vacuum in a Dolphin LC 0030 A water 
ring pump (Busch, Germany), the gel was rinsed in distilled water. 
Desorption of enzymes was carried out by processing of gel in 0.3 M 
phosphate buffer at pH 7.0. Then the enzyme solution was stabilized by 
acidification with 0.1 M acetic acid up to pH 4.0.

The stabilized enzyme solution was desalinized by diafiltration on 
a UF-8-50-PS hollow fiber membrane unit (Fazerkraft, Russia) with a 
transport limit of 30 kDa at continuous addition of acetate buffer with 
pH 4.0 in order to maintain a constant volume of the enzyme solution. 
Then the solution was concentrated using ultrafiltration up to 100 ml 
using the same membrane unit with the transport limit of 30 kDa at a 
stabilized pressure of 0.1 MPa. Dry pectolytic enzyme was obtained by 
lyophilization of purified solution using an LGJ-1A-80 freeze drier in 
three stages: freezing of solution up to 408C, sublimation of water and 
drying of sample. 

Estimation of the results and their statistic confidence was 
performed using MathCAD and Statistica software packages. 

Results and Discussion 
Previously experts of the Chair of Biotechnology, Auezov South-

Kazakhstan State University, using multistage selection obtained 
producer strain A. awamori 56-2-53-85-375, which synthesized 
pectinase with the activity of 2.1 units/ml [14].

The method of extraction and purification of pectolytic enzyme 
was developed with consideration not only for efficiency of individual 
physicochemical methods upon elimination of various groups of 
inactive impurities but also for selectivity and activating impact on 
enzymes.

In order to remove low molecular impurities from culture liquid, 
such as pectic substances, activated microporous coals, grades SKT, 
BAU-B, and KAD-G, were applied. Activated coals are porous carbon 
adsorbent with developed internal surface, consisting of open pores 

Type of 
charcoal

Treatment 
conditions Value

Specific 
activity, 
units/mg 
protein

Purification 
degree in 

terms of color 
index, %

PTA 
activity 
loss, %

SKT

pH of culture 
liquid 

3.0 77.0 63 0.5

3.5 81.0 65 1.5

4.0 80.8 64 2.8

4.5 76.0 57 3.0

5.0 71.3 50 4.5

5.5 63.4 44 6.3

Sorbent 
dosage, g/l

5 65.0 48 4.0

10 82.0 54 6.5

15 81.4 61 22.0

20 78.0 66 28.0

BAU-B

pH of culture 
liquid 

3.0 91.2 70 1.0

3.5 95.0 71 2.5

4.0 91.8 68 4.4

4.5 85.0 64 6.8

5.0 77.0 52 9.0

5.5 63.0 44 14.3

Sorbent 
dosage, g/l

5 73.0 50 20.0

10 89.4 54 25.0

15 85.5 59 37.0

20 79.0 67 42.0

KAD-G

pH of culture 
liquid 

3.0 90.1 75 0.3

3.5 94.0 75 0.8

4.0 90.8 73 1.5

4.5 88.0 70 1.8

5.0 85.3 60 3.0

5.5 81.0 50 5.6

Sorbent 
dosage, g/l

5 83.0 54 2

10 97.5 63 4.8

15 91.4 70 18

20 95.0 77 25

Table 1: Influence of treatment of culture liquid by activated charcoals
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at pH 6 maximum yield of activity of pectinase is achieved, equal to 
95.0%, polygalacturonase—69.0%, purification degree in terms of color 
index is 92.0%, and specific activity—425.5 units/mg protein.

The obtained data evidence high efficiency of nanosized 
Si-hydroxyapatite for purification of pectolytic enzymes obtained upon 
application of A. awamori 56-2-53-85-375.

Desalinization of the stabilized enzyme solution and its 
concentrating were aided by diafiltration and ultrafiltration. The 
obtained concentrated product was lyophilically dried. 

As a consequence of implementation of this method for group 
extraction of pectinase, the complex was obtained; variations of its 
characteristics stage by stage are summarized in Table 4.

discoloration of enzyme solutions and purification of culture liquids 
from pectic substances is efficient at the first stage. At 10 g/l of sorbent, 
the purification degree in terms of color index is 63%, and the specific 
activity of pectinase increases to 97.5% at the activity loss of 4.8%.

In order to remove ionogenic impurities from enzyme solutions 
and to displace proteins, the filtrate of culture liquid was processed by 
strong-base ion-exchange resins: Amberlite CG-400 (US) and A500P 
(Great Britain), which can be used together with conventional coal 
adsorbents. Table 2 illustrates the influence of pH upon processing of 
the enzyme solution by strong anion-exchange resins. 

The obtained data evidence that with increase in pH the purification 
degree in terms of color index increases and total pectolytic activity 
decreases. However, at high purification degree using ion-exchange 
resins, there occur high losses of enzyme solution. The best purification 
degree of enzyme solutions is observed upon application of A500P 
anion-exchange resin at pH 4. This substance was specially developed 
for removal of anions of organic acids and for removal of nonionized 
mediums and high molecular organic compounds [17]. Macroporous 
structure of this anion-exchange resin provides high mechanical 
strength and good osmotic stability of the granules. 

Complex extraction of pectolytic enzymes from partially purified 
solution was carried out by Si-hydroxyapatite in various concentrations 
for 30 min at 48C and various pH of the solution (Figure 1). 

As can be seen in Figure 1, the most optimum pH value of the 
solution, providing the highest purification degree (98%), is 6, at 
the concentration of nanosized Si-hydroxyapatite of 30 g/l. This is 
attributed to the fact that at pH 6, pectinases are charged negatively 
and calcium ions positively, and due to interaction between 
charged functional groups, the enzyme solution is sorbed. Table 3 
summarizes the results of processing of enzyme solution by nanosized 
Si-hydroxyapatite after desorption at various pH; it can be seen that 

pH of 
enzyme 
solution 
medium

Amberlite CG-400  
anion-exchange resin A500P anion-exchange resin 

Purification 
degree in terms of 

color index, %

PTA 
activity 
loss, %

Purification 
degree in terms of 

color index, %

PTA 
activity 
loss, %

4 67 14.4 74 9.0

5 70 21.0 76 10.0

6 77 38.5 80 11.4

7 82 67.0 91 58.0

Table 2: pH influence during processing of the enzyme solution by strong  
anion-exchange resins 
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Figure 1: Purification extent of enzyme solution as a function of pH and 
concentration of nanosized Si-hydroxyapatite

pH of 
enzyme 
solution 
medium PTA, % PGA, %

Purification 
degree in terms 
of color index, %

Specific activity, 
units/mg protein 

3 76 45 72 135.7

4 82 51 74 170.0

5 89 56 83 322.0

6 95 69 92 425.5

7 80 49 97 368.4

Table 3: pH influence on performances of purification upon processing of enzyme 
solution after desorption of nanosized Si-hydroxyapatite 

Indices

Treatment stages 

Culture liquid 
Activated charcoal 

KAD-G
A500P anion-

exchange resin Hydroxyapatite Diafiltration Ultrafiltration

Volume, ml 1,000 999 999 403 402 98

PTA, units/ml 2.1 2.0 1.86 3.7 3.2 10.8

PGA, units/ml 1.25 1.2 1.12 2.3 2.1 6.8

Protein, mg/ml 1.11 0.98 0.59 0.39 0.29 1.08

Specific activity, units/mg protein 87.3 96.3 148.9 436.3 459.8 525.0

Activity loss, % – 1.5 9.5 26.3 35.2 39.2

Purification degree in terms  
of color index, %

– 63 80 92 95 99

Table 4: Results of application of combined preparative method of enzyme production
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Therefore, using sorption and ion exchange, we extracted and 
produced enzyme with high purification degree in terms of color 
index, 99%; with specific activity of 525.0 units/mg protein; and with 
high yield of enzymes in terms of pectinase activity, 10.8 units/ml, 
and polygalacturonase activity, 6.8 units/ml. The developed method 
of purification takes into account the negative impact of ionic strength 
of solution on the efficiency of sorption and ion processes due to 
maximum pH of stability of pectolytic enzymes, since the most time-
consuming processing stages are performed at pH not higher than 4. 

Conclusion
Using adsorptive purification by KAD-G microporous charcoal 

and ion exchanging purification by A-500R anion exchange resin 
from culture liquid of A. awamori 56-2-53-85-375 enzyme solutions 
of pectinase were extracted with minimum decrease in total activity. 
The activation effect of enzyme solutions has been achieved by the 
use of nanosized Si-hydroxyapatite which, while interacting with 
enzyme molecules, displaces the remainders of substrate from 
allosteric and effector centers. Application of ultrafiltration and 
diafiltration demonstrated high efficiency of removal of low molecular 
impurities and desalinization of solutions from sufficiently high buffer 
concentrations obtained as a result of adsorptive and ion exchange 
purification. Implementation of the developed method of preparative 
production of pectolytic enzyme enables significant increase not only 
in the degree of pectinase purification—purification degree in terms of 
color index up to 99%, but also the total yield of enzyme activity—more 
than by 6 times in terms of specific activity. 
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