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Pectinase Production with Waste Materials by Local Water
Isolate of Aspergillus fumigatus Strain 2101 and Purification
and Characterization of the Enzyme

Yerel Su izolati Aspergillus Fumigatus 2101 Susu Tarafindan Atik
Malzemeler ile Pektinaz Uretimi ve Enzimin Saflastiriimasi ve
Karakterizasyonu
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ABSTRACT

n this study, pectin lyase (PL) was obtained from Aspergillus fumigatus strain 2101 which was isolated from

local water sources. PL was purified using ammonium sulphate precipitation, gel filtration and ion-exchange
chromatography. After these purification steps, 12.4 purification fold was obtained. The optimum pH and tem-
perature of PL were 8.0 and 40°C at 70 min, respectively. The molecular weight of PL was 11.5 kDa. Maximum
PL activity was obtained with fruit pulps in submerged culture medium. Stability assays showed that the PL
was stable till 20 months at 4°C. The highest PL activity was obtained using citrus pectin as carbon source. PL
was strongly activated by FeSO,, FeCl, and ascorbic acid.
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6ZET

B u calismada, pektin liyaz (PL) yerel su kaynaklarindan izole edilen Aspergillus fumigatus 2101 susundan elde
edildi. PL, amonyum silfat ¢okttirmesi, jel filtrasyon ve iyon degisim kromatografisi kullanilarak saflastirildi.
Bu saflastirma basamaklarindan sonra, 12.4 saflastirma katsayisi elde edildi. PL'nin optimum pH ve sicakligi
sirasiyla 8.0 ve 40°C'de 70 dakikadir. PL'nin molekil agirhdi 1.5 kDa'dur. Sivi besi ortaminda maksimum PL
aktivitesi meyve pulplari ile elde edilmistir. Stabilite deneyleri, PL'nin 4°C'de 20 aya kadar kararh oldugunu
gostermistir. En ylksek PL aktivitesi karbon kaynadi olarak sitrus pectin kullanildiginda elde edilmistir. PL,
FeSO,, FeCl, ve askorbik asit tarafindan glgli bir sekilde aktive edilmistir.

Anahtar Kelimeler
Pektin liyaz, Aspergillus, kromatografi, inhibisyon, iyonlar.
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INTRODUCTION
Pectin is complex colloidal acid polysaccharide
presents in plant primary cell wall and middle
lamella[1].Pectinincludeshomogalacturonan(HG),
xylogalacturonan (XGA) rhamnogalacturonan |
(RG 1), rhamnogalacturonan Il (RG II) parts. HG
is the smooth region of the pectin, it consists
a-1,4-D-galacturonic acid residues. XGA includes
B-1,3-D-xylose residues which are linked to
galacturonyl residues of HG. a-1,2-rhamnosyl and
galactosyluronic acid residues are present in RG |
parts of pectin. RG Il includes approximately nine
a-1,4-D-galactosyluronic acid residues. XGA, RG |,
RG Il form hairy region of the pectin [2-4].

Pectinases are upcoming enzymes and
among the first enzyme qgroups used in
homes [5]. Pectinases are produced by many
microorganisms such as bacteria, yeast, fungi
and plants [6]. Aspergillus and Penicillium genus
are preferred for industrial applications [7].
Pectinase is general name used for enzymes that
catalyze hydrolysis of glycosidic bonds in pectin
polysaccharides [8]. Pectinases can be divided 3
major groups: protopectinase, pectinesterases,
depolymerizing enzymes [5].

Protopectinase solubilizes protopectin and
constitutes highly polymerized soluble pectin.
Pectinesterases catalyze removal of methoxyl
group from pectin [5]. Depolymerizing enzymes
are divided 2 sub-groups: hydrolases and
lyases. Hydrolases consist of endo- and exo-
polygalacturonase. Lyases include endo-, exo-
pectate lyase and endo-pectin lyase (endo-PL) [9].

Theobjective of thisstudyistoproduce of endo-
pectin lyase in submerged culture medium from
Aspergillus fumigatus strain 2101 isolated from
local water sources. Effects of waste materials,
for maximum PL production in submerged
culture were investigated. Purification studies
with  ammonium sulphate, chromatographic
techniques and characterization studies of PL
were also performed. Effects of metal ions and
several chemicals were determined. Stability
tests of PL were carried out at 4°C.

MATERIALS AND METHOD

Chemicals and Reagents

Citrus pectin, yeast extract, DEAE-cellulose,
Sephadex G-100 and Coomassie Brillant Blue
were purchased from Sigma-Aldrich. Ethyl alcohol,
Na HPO,, NaCl, HCI, (NH,),SO, were purchased
from Merck. All chemicals were analytical grade.
Aspergillus fumigatus strain 2101 was procured
Adnan Menderes University Arts and Science
Faculty, Department of Biology, Section of
Molecular Biology.

Identification of Fungi

In our study, DNA isolation was made by
classical phenol chloroform method. Purity and
concentration measurements were made by
nonodrop spectrophotometer (Thermo). PCR
reactions were carried out at 95°C 5 min, 35
cycle with 94°C 1 min, 55°C 1 min and 72°C 1
min, and then 72°C 7 min. 5X Firepol Master
Mix was used in reactions with ITS primers.
Electrophoresis was made in agarose gel (1.2%).
For sequencing, samples were sent to Macrogen
Europe. Sequence data was processed with Blastn.
Sequence alignment and neighbour joining tree
construction was made by using MEGA 6.06
software. For aligning sequences ClustalW was
used which was in MEGA software.

Culture Conditions of Fungi

Aspergillus fumigatus strain 2101 was isolated
from local water sources in Aydin, Turkey and it
was used for PL production. First of all, Aspergillus
fumigatus strain 2101 was grown on potato
dextrose agar and incubated at 35°C for 7 days. It
was stored at -80°C for further usage. Submerged
culture for PL production was prepared according
to Sandri method with some modifications [10].

Maximum Enzyme Production with Waste
Materials

For maximum enzyme production, different
waste materials were used as carbon sources.
Apricot, apple, peach, sour cherry were used as
fruit pulps. Fruit pulps (1), wheat bran (), fruit
pulpstwheat bran (llIl) and citrus pectin (IV) were
added different flask cultures and incubation



was performed in rotating shaker. Crude enzyme
was taken every flask, centrifuged and enzyme
activity was measured. The best carbon source
and optimum time for enzyme production in
submerged culture were determined between
6-168 hours.

Enzyme Purification Steps

Flask was taken from rotating shaker when
incubation time ended. Centrifugation was carried
out at 8000 rpm for 25 min. After centrifugation,
crude enzyme was partially purified with
(NH,),SO,. Precipitation was carried out between
0-95% ranges. Then, gel filtration column (1x15
cm) was pre-equilibrated with phosphate buffer
(0.05 M, pH 8.0) and 0-95% precipitates were
loaded on to column. Elution was performed
with the same buffer and enzyme was pooled.
lon-exchange column was pre-equilibrated and
pooled enzyme taken from gel filtration column
was loaded on to ion-exchange column (1x15 cm)
with 1.5 and 2.0 M NaCl gradient. Elution was
performed with phosphate buffer (0.05 M, pH
8.0) and fractions were collected and pooled.
After every purification steps, enzyme activity
and protein amounts of PL were measured.

PL Activity Tests

PL activity was performed according to
Albersheim methods with some modifications
[11].  Optical density of 4,5-unsaturated
oligogalacturonides were measured at 235 nm
with UV-vis spectrophotometers (Shimadzu, UV-
mini-1240 Spectrophotometers). Enzyme activity
was defined in terms of umole unsaturated
4,5-oligogalacturonides released per min and
molar extinction coefficient value of the product
was used as 5550 M7cm™. All experiments were
carried out triplicate.

Molecular Weight Determination of PL

Molecular weight of PL and its purity were
determined with SDS-PAGE gel electrophoresis
method. 12% resolving gel and 5% stacking gel
were used. The electrophoresis was run 30 min
at 50 V and 200 min at 100 V. After running,
methanol (50%, (v/v)), Coomassie Brillant Blue
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R-250 (0.1% (w/v)) and acetic acid (50%, (v/v))
were used for staining. Destaining was performed
with the same solution used for staining without
Coomassie Brillant Blue [12,13].

Protein Determination

Protein concentration was determined according
to Bradford method, bovine serum albumin (BSA)
was used as the standard [14]. All experiments
were carried out triplicate.

Determination of Optimum pH and Temperature
Citrate-phosphate buffer (pH 4.0-6.0), phosphate
buffer (pH 6.0-8.0) and carbonate buffer (pH
8.0-9.0) were used with 0.05 M concentration.
Optimum pH for PL was determined with these
buffer solutions.

To determine optimum temperature and time
for PL, the experiments were carried out between
40-100°C with different time intervals (to 100
from 10 min). All experiments were carried out
triplicate.

Effects of Chemical Substances on PL Activity
Effects of chemical substances on PL such as
BaCl,, HgCl, ZnSO,, FeCl, FeSO, EDTA, CaC,,
CoCl,, LiCl,, MgCL,, MgSO,, NaF, K,[Fe(CN),1, KCI,
KMnO,, NaN,, NaCl, ascorbic acid, glycine, SDS,
L-Cysteine, citric acid monohydrate, NaH,AsO,,
Triton X-100, (NH,),SO,, L-Arginine monohydrate,
L-Asparagine were determined. All experiments
were carried out triplicate.

Storage Tests of PL

Purified enzyme was stored in refrigerator at 4°C
for 98 days. 500 uL PL was taken at special time
ranges and enzyme activity was measured.

Substrate Specificity Tests of PL

To perform substrate specificity of PL against
citrus pectin, peptone and PDA; substrate
solutions were prepared. Enzyme was incubated
with these substrates at 40°C 40 min. Substrate
preference of PL was determined.
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AATTCACTCTCCTCCGGCATCGATCGAGGTCACCTTAGAAAATAAAGTTGGGTGTCGGCT

GGCGCCGGCCGGEGECCTACAGAGCAGGTGACAAAGCCCCATACGCTCGAGGACCGGACGC

GGTGCCGCCGCTGCCTITCGGGCCCGTCCCCCGGLAGAGGGGGACGGGGGCCCAACACA

CAAGCCGTGCTTGAGGGCAGCAATGACGCTCGGACAGGCATGCCCCCCGGAATACCAGG

GGGCGCAATGTGCGTTICAAAGACTCGATGATTCACTGAATTCTGCAATTCACATTACTTAT

CGCATTTCGCTGCGTTCTTCATCGATGCCGGAACCAAGAGATCCGTTGTTGAAAGTTTTAA

CTGATTACGATAATCAACTCAGACTGCATACTTITCAGAACAGCGTTCATGTIGGGGTCTIC

GGCGGGECGLGGEGECCCGEGEEGECECAAGGCCTCCCCGGCGGCCGTCGAAACGGCGGGECCCG

CCGAAGCAACAAGGTACGATAGACACGGGTGGGAGGTTGGACCCAGAGGGCCCTCACTC

GGTAATGATCCTTCCGCAGGTCCCCTAACGGAAGGGTCATTICCCGAG

Figure 1. Nucleotide sequence of Aspergillus fumigatus strain 2101.

RESULTS AND DISCUSSION

Nucleotide Sequence of Aspergillus fumigatus
Strain 2101

According to phylogenetic tree of our
microorganism, fungus studied in this report
was defined as Aspergillus fumigatus strain 2101
and Figure 1 shows that nucleotide sequence of
Aspergillus fumigatus strain 2101.

Maximum Enzyme Production with Waste
Materials

Torecycle and reuse of waste materials, fruit pulps
(1), wheat bran (ll), fruit pulps+wheat bran (lll) and
citrus pectin (IV) were used as a carbon source in
submerged culture media for enzyme production.
The weight of fruit pulps in all submerged culture
media was taken in equal amounts. PL showed
maximum activity in submerged culture which
included fruit pulps whereas submerged culture
medium contained citrus pectin gave the lowest
enzyme activity values. So, fruit pulps (I) were the
best carbon sources in submerged culture media
for PL production. After this submerged culture
media optimization with carbon sources, we used
fruit pulps in all submerged cultures (Figure 2).

Enzyme Purification

PL was purified with three steps. It was partially
purified with (NH,),SO, fractionation. Then, PL
was purified with gel filtration and ion-exchange

chromatography. It was obtained 12.4 purification
fold, after 3 steps purification. Purification steps
of PL are shown in Table 1.

Molecular Weight Determination of PL

The homogeneity of PL was validated by SDS-
PAGE electrophoresis. Molecular weight of PL was
determined by plotting log of molecular weight of
markers versus their Rf values. Molecular weight
of PL was found 11.5 kDa (Figure 3).

In previous studies, molecular mass of PL
secreted by Penicillium italicum was 22 kDA [21].
Molecular weight of PL from Bacillus sp. DT7 was
106 kDa [21,22]. Molecular weight of PL secreted
by Aspergillus flavus was 38 kDa [23]. PL-
overproducing hybrid was obtained by protoplast
fusion between mutant pectinolytic Aspergillus
flavipes and Aspergillus niveus CH-Y-1043 had 30
kDa molecular weight [19].

Optimum pH and Temperature

PL showed activity between pH 4.0-9.0 with
different buffers. PL had maximum activity at
pH 8.0 with phosphate buffer. PL also gave high
activity values at pH 6.0 and pH 7.0 with phosphate
buffer and their results were similar with pH 8.0.
PL gave low activity values at pH 4.0 and 8.0
with citrate-phosphate and carbonate buffers,
respectively. PL produced in our laboratory can
be used at industrial scale with wide pH ranges
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Figure 2. Effects of waste materials on PL activity in submerged culture medium (fruit pulps + wheat bran (1), wheat bran

(I, fruit pulps (lll) and citrus pectin (1V)).

Table 1. Purification steps of PL secreted by Aspergillus fumigatus strain 2101.

Total activity

Specific Activity

Purification steps (EU/mI) Total protein (EU/mq) Purification fold
Crude Extract 0.07 0.98 0.071 1
Ammonium
sulphate 0.13
precipitation 0.81 6.30 1.83
(0-95%)
) . 0.23
Gel filtration 0.52 226 3.04
chromatography
lon-exchange 0.88
9 0.39 0.44 12.4
chromatography
(pH 4.0-9.0). Optimum pH results of PL are In the literature, PL secreted by

demonstrated in Figure 4. PL lost its activity in
citrate-phosphate buffer for pH 4.0; 5.0; 6.0;
41.10%, 9.53 %, 15.96%; in phosphate buffer for
pH 6.0; 7.0; 5.51%; 9.53%; in carbonate buffer for
pH 8.0; 9.0; 48.31%; 4.24%, respectively.

PL showed activity between 40 to 90°C and
had maximum activity at 40°C for 70 min, at 50°C
for 10 min, at 60°C for 30 min, at 70°C for 30 min,
at 80°C for 10 min, at 90°C for 10 min. The enzyme
obtained in this study showed activity at 90°C till
100 min and didn't lose its activity largely as far
as 100 min at 80°C. It also showed high activity
values at 50°C. Optimum temperature results of
PL are shown in Figure 5.

Debaryomycesflavus nepalensis had maximum
activity at pH 6.4 [24]. Pectinase from
Streptomyces sp.-QG-11-3 was optimally active at
pH 3.0 in citrate-phosphate buffer and it retained
more than 85% its activity between pH 2.0 t0 9.0
[25].

In the previous studies, maximum PL activity
was obtained at 35°C from Debaryomycesflavus
nepalensis [24]. PL from Penicillium italicum
completely inactivated after 10 min at 80°C [26].
Paenibacillus amylolyticus endophytic strain had
maximum PL activity at 40°C and pH 7.9 [20]. PL
secreted by Aspergillus sp. CH-Y-1043 showed
maximum activity at pH and temperature values
8.5-8.8 and 40-45°C, respectively [2]. Optimum
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Figure 3. SDS-PAGE analysis of purified PL. Lane 1 marker, Lane 2, 3 pooled PL after ion-exchange chromatography.
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Figure 4. pH results of PL between pH 4.0-9.0.
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Figure 5. PL activity at different temperatures between 10 to 100 minutes.
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Figure 6. Storage results of PL at 4°C.
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Figure 7. Substrate specificity results of PL.

pH and temperature for recombinant PL from a
Penicillium purpurogenum was 6.0 (Mcllvaine
buffer (0.1 M citric acid/0.2 M disodium hydrogen
phosphate) and 50°C, respectively [27].

Storage Results of PL

To determine storage stability of PL at 4°C, it was
stored in refrigerator. PL lost 32% of its starting
activity at 98 days. At the end of 20 months, the
PL conserved 60% of its activity. Storage results
of PL are shown in Figure 6.

Substrate Specificity Results of PL

Substrate specificity results of PL against citrus
pectin, peptone and PDA were graphed in Figure
7. PL gave the best result against citrus pectin as
a substrate.

In the literature, PL from Paenibacillus
amylolyticus was used for substrate specificity
tests. Citrus pectin, apple pectin, polygalacturonic

acid were used as a substrate and PL was more
active on citrus pectin than other substrates [20].

Effects of Chemical Substances on PL
Activity

Effects of metal ions BaCl, HgCl, ZnSO,,
FeCl,.6H,0, FeSO,, CaCl, CoCl, LiCl,, MgClL,
MgSO,, NaF, K,[Fe(CN),], KCI, KMnO,, NaN,,
NaCl; amino acids and the other chemicals were
summarized in Table 2. PL activity was reached
up 306.192% at 6.0x10° M concentration with
BaCl,, 655,39% at 1.33x10° M concentration with
HgCl, 1108.68% at 6.0x103 M concentration with
FeCl,, 840.10% at 4.0x103 M concentration with
FeSO,, 488.91 % at 6.0x10° M concentration with
K,[Fe(CN),1, 407.2% at 5.33x10° M concentration
with ascorbic acid; 707.90% at 1.33x10% M
concentration with glycine, 172,43% at 1.33x103
M concentration with Triton X-100. Activation
and inhibition effects of metal ions and the other
chemicals on PL activity are demonstrated in
Table 2 and Figure 8.

I
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Table 2. Effects of chemical substances on PL activity.

Relative Activity

Chemicals In this study (%) Concentration (M) Previous studies
Metal ions
BaCl, activation 249.02 up to 5.33
HqCl activation 623.09 up to 0.67
Inhibition
ZnSO, no effect - Agé?ﬁ%ﬁ?é]g]
FeCl,.6H,0 activation 1059.41 up to 2.67
FeSO, activation up to 1.33
CacCl, inhibition 703.16 up to 0.333 Inhibition [20,23]
CoCl, inhibition 88.30 up to 0.67 ['an’ig;t’igg]
LiCl, no effect 89.84 -
MqCl, no effect -
MgSso, no effect -
NaF no effect -
K,[Fe(CN),] activation 198.82 up to 0.333 Inhibition [20,23]
KCl inhibition 57.51 up to 2.67 ['an’igét’igg]
KMnO, inhibition 60.52 up to 0.133
NaN, no effect -
NacCl inhibition 75.48 up t0 0.333
other chemicals
Ascorbic acid activation 162.90 up to1.33 Inhibition [25]
Glycine activation 171.29 up to 0.133
SDS inhibition 97.03 up to 0.333
L-Cysteine no effect -
mg:grfyadcri:te inhibition 75.57 up to 4.0 [23,'2”5“,?‘;,23,30]
NaH,AsO, no effect -
Triton X-100 activation 136.38 up to 0.67
No effect [31]
EDTA inhibition 86.36 up to 0.333 Activation [20]
(NH,),SO, no effect Inhibition [25]
poBnrE, poste -
L-Asparagine no effect -
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