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Abstract: In this study, firstly, Bacillus pumilus bacteria were isolated from tomato vegetables and 

identified. Then, the new pectin lyase enzyme was purified from B. pumilus, characterized, and hybrid 

nanoflower pectin lyase (hNF-PL) was synthesized the first time in this study. For this purpose, PL 

enzyme was produced in a solid culture medium using B. pumilus bacterium, and PL was purified in 

191.8 folds with a yield of 78.2% using the three-phase partitioning (TPP) technique. Using SDS-

PAGE, PL enzyme was determined to have a single subunit, and molecular weight was defined as 32.88 

kDa with gel chromatography technique. This is the very first study to easily immobilize purified PL 

enzyme onto nanoflower chitosan/calcium pyrophosphate hybrid NPs. The synthesized nanoflower 

hNF-PL structure was characterized by SEM, FT-IR, XRD, and TEM chromatographic methods. In the 

final phase of the study, the effects of the pure PL and hNF-PL enzymes on the clarification and 

cleavage rate of fruit juices obtained from black grape, pomegranate, peach, red apple, and plum were 

investigated. Under the light shed by this study determined that the hNF-PL enzyme clarified the fruit 

juices more effectively than the pure PL enzyme.  

Keywords: pectin lyase (PL); Bacillus pumilus; three-phase partitioning (TPP); hybrid nanoflower 

pectin lyase (hNF-PL); fruit juice clarification. 

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Structural polysaccharides that are present in plant walls and middle lamella are defined 

as pectic substances. These substances have a molecular weight of 30 -300 kDa. Most of the 

pectin is composed of D-galacturonic acid units [1]. Within the structure of pectin, galacturonic 

acid units are linked by α-(1,4) glycosidic bonds [2–5]. Pectinolytic enzymes break down 

pectins, a natural polymer of galacturonic acid [5]. Generally, these enzymes are produced in 

solid culture media. A. niger, A. flavus, A. wentii, A. oryzae, Rhizopus liquefaciens, Geobacillus 

stearothermophilus (Ah22), Brevibacillus borstelensis (P35), and Penicillum microorganisms 

are used in the production of PL enzymes. The biosynthesis of pectolytic enzymes is controlled 

by a catabolic or induction repression mechanism [5-7].[] 
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An important member of the pectinase enzyme complex is pectin lyase. Pectin lyase 

(PL, EC 4.2.2.10) is a microorganism that is the main source of PL enzymes, which are 

industrial enzymes that possess hydrolytic properties. 50% of them are obtained from fungi 

and yeast, 35% from bacteria, and the remaining 15% from plant or animal sources [7]. Pectin 

lyase enzymes known today are endogenous [8-10], and methylated galacturonic acid residues 

occur when they hydrolyze the glycosidic bond [11]. They prefer esterified pectin polymers 

and contain Ca 2+ ions as cofactors [9]. While it is known that PL enzyme can be obtained from 

bacterial species belonging to the genera of Aspergillus, Rhizopus, Saccharomyces, Bacillus, 

Kluyveromyces, Erwinia, Penicillium, it is commercially obtained mostly from 

microorganisms species of the genera Aspergillus, Penicillium, Erwinia, Aspergillus 

parasiticus [10-15].  

Pectinase is used in areas including but not limited to the food industry, processing of 

plant fibers, textile, paper industry [12–15], vegetable oil extraction [12–15], and the wine 

industry [16]. Pectinase enzymes are also used for fruit juice extraction and clarification and 

the prevention of gelation during shelf life in thick fruit juices [5,6,17,18]. 

To ensure continuous use or re-use of the enzymes by preserving the pure enzyme 

activity obtained by different methods, they are immobilized on organic or inorganic carriers 

by using chemical or physical methods [19-21]. 

When the enzyme is immobilized on the stationary material using the covalent 

immobilization technique, it may lose its enzyme activity due to its structurally affected active 

site. As of the 1990s, immobilized enzymes have been shown to protect their activities as much 

as do pure PL enzymes when immobilized onto nanoscale materials. In 2012, when the first 

organic-inorganic hybrid nanoflowers (NF) were found to retain the enzyme activity, a great 

interest has been drawn to the subject [21]. Nano-hybrid structures from nanomaterials are 

often called nano-flowers because of their flower-like appearance. Although these synthesized 

flower-shaped hybrid structures are on a micrometer scale per se, they are called nanoflowers 

just because the leaves that form them are nanoscale [21-23].  

In this study, after isolation and molecular identification of B. pumilus bacteria from a 

tomato plant, PL enzyme was obtained by developing in a solid culture medium. Then, the 

extracellularly produced PL enzyme was purified by triple-phase separation and characterized. 

The pure PL enzyme was immobilized on an hNF-PL structure, and its usability in fruit juice 

clarification was investigated. 

2. Materials and Methods 

2.1. Bacteria isolation. 

In this study, tomatoes from Erzurum local markets were used for microorganism 

isolation. A 10 g/mL of sampling was made from the work specimen under aseptic conditions, 

and it was homogenized with a 90 mL maximum recovery diluent (Merck 1.12535) solution 

by utilizing Stomacher homogenizer. Serial dilutions from 10-1 to 10-8 were prepared using the 

prepared maximum recovery diluent. Nutrient agar (Merck 1.05450) was spread from each 

dilution and then incubated at 34ºC for 48 hours. Nutrient agar medium was drawn from the 

typical colonies developed after incubation, and plotting was done by drawing 3 phases. This 

was continued until pure colonies were obtained. The purified colony was then transferred into 

the nutrient broth (Merck 1.05443) containing a 20% glycerol solution. It was then stored at -

80 °C as stock culture. 
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2.1.1. Identification tests. 

In this study, gram staining and catalase tests were performed on isolated 

microorganisms among general identification tests. According to the results of microbiological 

analysis, it was found to be gram-positive and catalase-positive. 

2.1.2. Identification of microorganisms. 

After isolation of microorganisms from tomatoes has been carried out, obtained pure 

cultures were identified at the species level. For this purpose, DNA analysis was performed 

before pure culture, and then 16S rRNA and 16S-23S rRNA gene (ISR) were identified by 

sequencing. 

2.1.3. Genotype characterization of bacteria. 

For the sequence analysis of the 16 S rRNA genes, universal primers LPW57 (5 W-

AGTTTGATCCTGGCTCAG-3 ′) and LPW205 (5′-CTTGTTACGACTTCACCC-3 T) [22] 

were used. In the amplification of the ISR region, 16-1A (GTCGGAATCGCTAGTAATCG) 

and 23-1B (GGGTTCCCCCATTCGGA) [23] universal primers were used. Sequence analysis 

was made by Medsantek (Turkey) company. The results of the 16S rRNA and 16S-23S rRNA 

full sequence analysis of the study with other bacterial sequences in GenBank 

(http://blast.ncbi.nlm.nih.gov/blast.cgi) were compared, and the similarity ratio was 

determined [24]. It was determined that the isolate obtained was 99% similar to Bacillus 

pumilus bacteria in Genbank. 

2.2. Pectic enzyme production with solid culture fermentation. 

For enzyme production in microorganisms, the solid culture fermentation method was 

used [25]. Separate media were prepared by adding different amounts of pectin to 250 mL 

flasks (pectin ED 85% -93%) and 5 grams of bran and 10 ml broth solution ((0.14% (NH4)2SO4, 

0.2% KH2PO4 and 0.02% MgSO4). Subsequently, these prepared media were sterilized in an 

autoclave at 121 °C for 20 minutes. Bacteria were planted in the medium after sterilization and 

incubated for 5 days at 34 °C in the oven. After incubation, 60 ml deionized water with 0.9% 

NaCl was added to the medium and mixed with the magnetic stirrer for 1 hour to allow the PL 

enzyme to pass to the solution phase. The supernatant (growth medium) and the precipitate 

(bran + microorganism) were separated by centrifugation at 10,000 x g (20 min at 4 ° C). PL 

activity and protein determination were performed in (pure extract) supernatants [26]. 

2.3. Purification of pectin lyase enzyme. 

From Bacillus pumilus bacteria produced in solid culture medium, PL enzyme was 

purified and characterized by the three-phase partitioning (TPP) technique [27]. For this 

purpose, first n-butanol optimization and then ammonium sulfate optimization was carried out. 

Briefly; n-butanol and 8 g of ammonium sulfate were added to the reaction medium at a ratio 

of 1: 0.5, 1.0: 1.0, 1.0: 1.5, 1.0: 2.0. The mixture was stirred for 30 min in a magnetic stirrer. 

The resulting solutions were then centrifuged at 6000 x g for 10 min. Three-phase formation in 

the reaction media was observed, such as supernatant alcohol as the upper phase, precipitate 

middle phase, and water lower phase (Figure 1). The precipitate middle phase was dissolved in 

0.05 M phosphate buffer (pH 8.0) with 1 mL and dialyzed against the same buffer for 3 hours. 
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Figure 1. Purification steps of pectin lyase enzyme by the three-phase partitioning (TPP) method. 

Enzyme activity was determined using pectin as a substrate at 550 nm. A blank sample 

was prepared by using phosphate buffer instead of the enzymes. 

For ammonium sulphate optimization, pure extract and the optimum ratio of n-butanol 

(1.0:0.5%) were determined by adding 20%, 40%, 60% and 80% ammonium sulfate. The 

highest activity of ammonium sulfate was determined. As per this ratio, the optimum value was 

determined by a second ammonium sulfate precipitation. Purification of the PL enzyme was 

carried out according to the obtained parameters.  

PL enzyme activity was determined by the method of colored derivation [28]. For pectin 

lyase activity measurement, the following procedure was followed. A 0.25 mL of the enzyme 

solution was added to 0.25 mL of substrate solution (1% pectin solution) and left at 50 °C for 

10 minutes. Then 50 μL of 1 N NaOH was added to the 0.5 mL reaction mixture and incubated 

for 5 minutes in a water bath at 80 °C and then cooled to room temperature. A 0.6 mL of 1 N 

HCl and 0.5 mL of 0.04 M thiobarbituric acid solution was added to the cooled reaction 

mixture, incubated for a second time at 80 °C for 5 minutes, and cooled. The optical density of 

the obtained colored derivative was measured at 550 nm by using a UV-VIS spectrophotometer. 

2.3.1. Protein determination. 

Protein content was determined using the Bradford method. For this purpose, 100 µL 

of the enzyme was added to 5 mL of Coomassie brilliant blue solution. After vortexing, it was 

kept at room temperature for 10 minutes, and the absorbance value at 595 nm on the 

spectrophotometer was measured against the blank sample prepared using pure water instead 

of the enzyme [29]. Bovine Serum Albumin was used to determine the amount of protein in 

the enzyme samples. 

2.3.2. SDS-PAGE electrophoresis. 

To determine the subunit number of purified pectin lyase enzyme, sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (5% aggregate gel and 10% 

separation gel) was performed. 

2.3.3. Determination of optimum pH and stable pH values. 

The optimum pH values of pure and hybrid PL enzymes were determined by activity 

measurements with appropriate buffer systems at the pH range of 3-11. For this purpose; 

sodium acetate (pH: 3.0-5.0), phosphate (pH 6.0-8.0), Tris-HCl buffer (pH: 9.0-10.0) and 

sodium carbonate buffer (pH 11.0) were used. Activity measurements were made against a 

blank sample prepared with pure water instead of the enzyme [26]. 
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Activity measurements were made between pH 3.0-11.0 to determine the pH stability 

of pure PL and hybrid PL enzymes. In different buffer systems (3-11), the reaction media 

prepared with pectin substrate were sampled for 1 week, and the stability of enzyme samples 

was determined [26]. 

2.3.4. Determination of optimum and stable temperature values. 

In order to determine the optimum temperature value of the purified PL enzyme, activity 

measurements were made in the range of 0-90 ° C. Blank sample measurements were also determined 

using pure water instead of the enzyme at each temperature value. For determining the stable 

temperature of the enzyme; Activity measurements were made every 15 minutes for 2 hours in 

the range of 10-90 oC. All measurements were performed against the blind sample [30]. 

2.3.5. Determination of Vmax and KM values. 

Maximum velocities of pure PL and hybrid PL enzymes (Vmax) and rate constants (KM) 

were determined by activity measurements against 5 different concentrations of three different 

substrates (pectin, locus bean gum, and chitin). Vmax and KM values of Lineweaver and Burk 

graphs were calculated for this purpose [31]. 

2.3.6. Effect of metal ions on pectin lyase activity. 

Two different concentrations of Ca2+, Cu2+, Mg2+, Zn2+, Hg2+, and Fe3+ ions were 

measured on the activity of pure PL and hybrid PL enzymes. % Activity values were calculated 

from the findings [32]. 

2.4. Synthesis of nanoflower pectin lyase Ca2+ hybrid structure. 

Nanoflower chitosan structure was synthesized by the ionotropic gelation method. 

Briefly, chitosan (CS) was dissolved in 1% acetic acid solution (2 mg mL-1).  

 
Figure 2. Synthesis steps of hNF-PL enzyme. 
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To the CS solution, 1.2 mL (125 mg mL-1) of TPP solution was added and stirred for 10 

minutes. Then, 4.2 mL of 100 mM CaCl2 was added, and the mixture was stirred for a further 

10 minutes at room temperature, and 2.5 ml of purified PL enzyme was added. One day after 

waiting at room temperature, the protein was determined in the supernatant. After 

centrifugation, the precipitate was washed with purified water to remove unbound proteins. 

The synthesized hybrid nano flower PL structure was dried at 37 °C and characterized (Figure 

2) with pure PL enzyme [4]. 

2.5. SEM, EDX, XRD, FT-IR, and TEM characterization in hNF-PL enzyme. 

SEM, EDX, FT-IR, and TEM chromatographic analyzes were used to characterize 

hNF-PL enzyme structures [33]. 

2.6. Applications of pure PL and hNF-PL enzymes in fruit juice clarification. 

Fresh fruits (black grape, pomegranate, cornelian cherry, peach, red apple, and plum) 

bought from local markets were used in fruit juice clarification experiments. Pure PL and 

hybrid PL enzyme were added to each fruit juice medium and incubated for 5 hours at 50 °C. 

İn the fruit juices produced as a result of the clarification process, fragmentation rate and 

clarification rate was determined and recorded in percentages [26]. 

3. Results and Discussion 

3.1. Characterization of LAB. 

In this research, general identification techniques and molecular techniques were used 

for the identification of test isolates. As per general identification methods, the test isolate was 

rod-shaped, gram-positive, and catalase-positive. Obtained results were consistent with the 

results obtained from the literature [34,35]. In the molecular identification method, 16S-rRNA 

gene and 16S-23S rRNA intergenic spacer regions (ISR) were identified by means of sequence 

analysis. This sequence analysis results show that B. pumilus have a high percentage (99%) of 

resemblance to this isolate when compared to other bacterial series in GenBank. Parvathi et al. 

[36] also reported similar 16S rDNA gene sequence results as (99-100%). 

Table 1. Purification and yield profile of PL enzyme purified from B. pumilus bacteria by TPP method 

Steps Volume 

(mL) 

Activity 

(EU/mL) 

TotalActivity 

(EU/mL)           % 

SpecificA

ctivity 

(EU/mL) 

Protein Amount 

(g protein/mL) 

Purification 

Fold 

Pure Extract 60 233.4±1.14 14007.3±3.24     100 0.17 1340.7±2.07  ----- 

n-Butanol 

(1:0.5) 

20 210.2±2.12  4219± 1.59            90 1.09  192.4±1.09  6.41 

1stAmmonium 

sulphate 

precipitation 

(60%) 

20 187.5±0.44  3750± 1.41        80.3 4.57  41± 0.47  26.9 

2ndAmmonium  

Sulphate 

precipitation 

(75%) 

20 182.6±1.11  3652±1.17         78.2 32.6  5.6±0.16 191.8 

3.2. Purification of the pectin lyase from B. pumilus. 

PL enzyme was purified by using TPP method in three steps from B. pumilus the first 
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time. In the first step, the maximum PL enzyme activity value was determined in a 1:0.5 ratio 

(extract: n-butanol). In the second step, at the optimum n-butanol concentration, the 1st 

ammonium sulfate saturation was made between 20% and 80%. The highest activity was 

obtained at 60%. In the third step, 2nd ammonium sulfate saturation was performed at the 

optimum 1:0.5 n-butanol ratio and at 65-75% ammonium sulfate concentration, and the highest 

activity was determined at the rate of 75% ammonium sulfate. Purifications were carried out 

under these conditions. Using TPP method, PL enzyme from B. pumilus bacteria was purified 

with a yield of 78.2% in 191.8 folds (Table 1). 

In another study, alkaline PL obtained from Aspergillus flavus MTCC 7589 bacteria by 

using traditional chromatographic methods (Sephadex G-100 gel filtration chromatography) 

was reported to have been purified 58.01 folds [37]. Extracellular PL enzyme produced by B. 

pumilus (P9) bacteria in solid culture fermentation was reported to be purified 36.36 folds using 

DEAE-cellulose anion exchange column chromatography [5,26]. Demir et al. (2011) reported 

that extracellular PL produced by Geobacillus stearothermophilus Ah22 bacteria in solid 

culture fermentation medium was purified 40.8 folds using DEAE-cellulose anion exchange 

column chromatography. In an experiment by [27] Sharma and Gupta, tert-butanol was added 

to the medium where ammonium sulfate is present, and the three-phase partitioning (TPP) 

technique was used to purify the pectinase enzyme from Aspergillus niger and tomato. 

According to the research findings, 76% yield, 10-fold purification, and 183% yield, and 9-

fold purification were achieved from Aspergillus niger fungi and tomato, respectively. 

SDS-PAGE analysis was performed to determine the number of subunits of the PL 

enzyme purified from B. pumilus, and a single band at 32.88 kDa level was observed. The 

molecular weight of the pure PL enzyme was also controlled by gel filtration chromatography 

(Figure 3). 

 
Figure 3. SDS-PAGE electrophoresis gel image of PL enzyme purified by TPP from B. pumilus bacteria.  

PL enzyme from B. pumilus (P9), Aspergillus flavus MTCC 7589, and Penicillum 

chrysogenum bacteria was produced and purified using ion-exchange chromatography 

technique, and according to SDS-PAGE results; the molecular weight of the enzymes were 

determined as 25 kDa, 38 kDa, and 31 kDa, respectively [26,37,38]. 

3.3. Synthesis and characterization of the hNF-PL enzyme structure. 

32.88 kDa 
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Hybrid structures with chitosan support material were generated to immobilize the PL 

enzyme that we obtained to provide a more stable structure. These hybrid enzymes were 

structurally characterized using SEM, TEM, XRD, and FT-IR chromatographic techniques. 

 
Figure 4. SEM images of hNF-PL structures at different pH (3-11). 

pH:10 
pH:11.0 pH:9.0 

pH:8.0 

pH:4.0 pH:3.0 

pH:6.0 Ph:5.0 

pH:7.0 
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3.3.1. Result of SEM analysis. 

Hybrid nanoscale PL enzyme morphology was carried out using Zeiss brand Sigma 300 

model scanning electron microscope (SEM). hNF-PL enzyme was synthesized at different pH 

values (Figure 4). As pH values approach pH 10, NF formation got better and reached the best 

condition at pH 10, beyond which the nanoflower structure was observed to have deformed. 

The results of EDX spectroscopy were given in Figure 5. It was determined that the nanoflower 

hybrid PL structure was composed of O (48.2%), P (18.6%), Ca (16.1%), and Na (6.1%). The 

atomic ratio of P to Ca was calculated to be 1.483.  

 
Figure 5. EDX image of hNF-PL structure. 

In a study [4], by using catalase enzyme chitosan - tripolyphosphate (CS-TPP) nano-

micro flowers (nano complexes) were synthesized by ionotropic gelation. In the SEM-EDX 

analysis, the presence of C, O, P, and Ca elements was determined. The atomic ratio of P to Ca 

was 1.448. The findings in this research support our results. 

3.3.2. Result of XRD analysis. 

The spectra of XRD analysis of the hNF-PL enzyme structure was shown in Figure 6. 

The peaks at 7.2° and 14.5° in the graph of the hNF-PL enzyme showed chitosan structure, and 

the peaks at 19.4°, 25.2°, 29.0°, 30.4°, 31.1°, 41.0°, 50.5°, 66.3°, and 71.3° showed 

tripolyphosphate, Ca2+, and carbohydrate units in the PL enzyme [39]. The obtained findings 

confirmed that the structure of the hNF-PL enzyme had formed successfully.  

3.3.3. Result of FT-IR analysis. 

The FT-IR spectrum of the hybrid NF PL enzyme structure was presented in Figure 7. 

The peak seen at 511 cm-1 in the FT-IR spectrum of hNF-PL enzyme belonged to the P3O10
5- 

ion. P2O7
4- ion gave the peak at 758 cm-1. The peaks at the 918-758-692 cm-1 range belonged 

to POP, and 3483-1656 cm-1 range belonged to (O-H)(HOH). Our findings are consistent with 

the analysis of the chitosan calcium hybrid structure reported by Wang [39]. 

%16.1 

%6,1 

%18,6 

%48.2 
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Figure 6. XRD analysis graph of hNF-PL enzyme structure. 

 
Figure 7. FT-IR analysis graph of hNF-PL enzyme structure 

3.3.4. Result of TEM analysis. 

TEM images of hNF- PL enzyme structures obtained using Transmission Electron 

Microscope (TEM) are given in Figure 8. According to the TEM images, it was determined 

that the synthesized nanoflower hybrid PL structures are composed of spherical-shaped 

nanoparticles and are highly porous and hierarchical structures. 

Wang et al. [4], using catalase enzyme, have synthesized chitosan micro 

tripolyphosphate (CS-TPP) nanoflowers (nano complexes) by an ionotropic gelation method. 

They reported that the nanoflower structures of the TEM images they obtained consist of 

porous and hierarchical structures, and they support the findings we obtained. 

3.4. Characterization of PL and hNF-PL enzymes. 

3.4.1. Optimum pH and stable pH. 
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Enzyme activity measurements were performed between pH 3-11 in order to determine 

the optimum pH values and stable pH values of pure enzyme and hNF-PL enzymes. The results 

are given in Figure 9A. The optimum for both pure PL and hNF-PL enzymes was determined 

to be pH 8.0, whereas hNF-PL was more stable and active than the pure PL enzyme. It was 

determined that both pure PL and hNF-PL enzymes showed a sharp loss of activity at pH values 

below 7.0 and above pH 9.0. 

 
Figure 8. TEM analysis results of hNF-PL structure (pH: 10, room temperature). 

To determine the pH stability of the pure PL and hNF-PL enzyme, daily activity 

measurements between pH 3.0-11.0 were carried out during 1 week (Figure 9B-C). Evaluating 

the findings, it was determined that pure PL enzyme and hNF-PL enzyme were more stable 

and had higher activity at pH 9.0 and pH 8.0, respectively. 

 
 

 

 

 

 

 

 

 

 

Figure 9. Effect of pH on activity (A) Optimum pH; (B) Pure PL enzyme stable pH; (C) hNF-PL enzyme stable 

pH. 
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The effect of temperature on pure PL and hNF-PL enzymes between 10-90 °C was 

investigated. According to the results obtained, pure PL and hNF-PL enzymes showed 

maximum activity at 50 °C (Figure 10A).  

When the effect of temperature on the stability of pure PL and hNF-PL enzymes (10 - 

90 °C) was investigated for 2 hours, pure PL was determined to be most stable at 50 °C and 

hNF-PL at 60 °C. The figure for hNF-PL to be greater is attributed to its structural properties, 

which allows it to be more stable in higher temperatures (Figure 10 B-C).  

  
 

 

 

 

 

 

 

 

 

Figure 10. Effect of temperature on activity (A) Optimum temperature; (B) Pure PL enzyme stable temperature;  

(C) hNF-PL enzyme stable temperature.  

The optimum pH values obtained from characterization studies of PL enzymes which 

were purified from B. pumilus (P9), Aspergillus flavus MTCC 7589, and Aspergillus fumigatus 

2101 microorganisms, were determined to be pH 6.0, pH 8.0, and pH 8.0, respectively. 

Optimum temperatures were found to be 60 °C, 50 °C and 40 °C respectively [26,37,40]. 

3.4.3. The Effect of metal ıons on pure PL and hNF-PL enzymes. 

The effects of Ca2+, Cu2+, Mg2+, Zn2+, Hg2+, and Fe3+ metal ions, in the concentration 

of 1 mM and 5 mM, on pure PL and hNF-PL enzyme activities were investigated and the results 

were given in Table 2 in percentage activity values. According to the findings, the presence of 

these metal ions activated both pure PL and hNF-PL enzymes.  

Table 2. Effect of Ca2 +, Cu2+
, Mg2 +, Zn2 +, Hg2 + Fe3 + metal ions on the activity of pure PL and hNF-PL enzyme 

Chemicals %  Pure PL        Activity %  hNF-PL        Activity 

      1 mM                5 mM 1 mM 5 mM 

Control 100 100 100 100 

Ca2+ 160 186 173 198 

Cu2+ 139 146 150 165 

Fe3+ 161 184 144 167 

Mg2 133 146 148 157 

Zn2+ 129 135 136 144 

Hg2+ 0 0 0 0 
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Ca2+, Cu2+, Mg2+, Zn2+, Hg2+ and Fe3+ metal ions activated pure PL enzyme by 60%, 

39%, 33%, 29% and 61% respectively at the concentration of 1mM, and by 86%, 46%, 46%, 

35% and 84%, respectively at 5 mM concentration. As for hNF-PL enzyme, 73%, 50%, 48%, 

36% and 44% at a concentration of 1mM and 98%, 65%, 57%, 44% and 67% at 5 mM were 

achieved for the same. Hg2+ metal ion was found to completely inhibit both pure PL and hNF-

PL enzymes. The highest activity in the hNF-PL enzyme was determined as 98% against Ca2+ 

metal ion. 

In a previous study, the effect of various metal ions at a concentration of 10 mM on the 

PL enzyme purified from Bacillus pumilus (P9) was investigated. While Hg2+, Mn2+, EDTA, 

and SDS were found to inhibit PL enzyme completely, Cu2+, Fe3+, and Zn2+ inhibited metal 

ions by 89%, 32.7%, 12.1%, respectively. Ca2+ and Mg2+ metal ions were determined to 

activate by 32.1%, 19.2%, respectively [26]. 

In a study by Banu et al. [38], the effect of various metal ions at a concentration of 5 

mM on the pectinase enzyme purified from the Penicillum chrysogenum bacteria was 

investigated. It was determined that Hg2+, Cu2+, and Co2+ metal ions inhibited the enzyme by 

58.77%, 59.5%, and 58.5%, respectively, while Ca2+ metal ion activated the same by 3.56%. 

Also, Zn2+ and Mg2+ metal ions have been reported to inhibit enzyme activity by 16.21% and 

26.56%, respectively. 

In the study conducted by Cheng et al. [41] on the endo-polygalacturonase enzyme 

activity purified from the Penicillium oxalicum CZ1028 bacteria, the effects of various metal 

ions at 1 mM and 2 mM concentration on the enzyme activity were investigated. K+, Mg2+, and 

Ba2+ were slightly inhibited, whereas Cu2+ and Mn2+ very strongly inhibited the enzyme 

activity. 

3.4.4. The effect of Vmax and KM on pure PL and hNF-PL enzymes. 

Activity measurements were made at 5 different substrate concentrations for pectin, 

locust bean gum, and chitin substrates, and Lineweaver-Burk graphs were drawn by plotting 

the obtained 1/S values versus 1/V values. KM and Vmax values were calculated through these 

graphs (Table 3).  

Table 3. Vmax and KM values of pure PL and hNF-PL enzymes for the substrates of pectin, locust bean gum, and 

chitin. 

 

Pectin Locust bean gum Chitin 

Vmax KM Vmax KM Vmax KM 

(mol/Lmin) (mg/mL) (mol/Lmin) (mg/mL) (mol/Lmin) (mg/mL) 

Pure  PL 17.98  0.94  1.3  0.88  1.42  0.64  

hNF-PL   20.12  0.86  2.97  0.8  3.25  0.6 

In a study conducted by Lu et al. [42], the exo-polygalacturonase enzyme from 

Zygoascus hellenicus V25 was purified, and the KM and Vmax values of the polygalacturonase 

were determined to be 5.44 mg/mL and 61.73 μmol/(min.mg), respectively. Nadaroğlu et al. 

[26] reported the KM and Vmax values as 0.298 mg/mL and 132.6 pmol/Lmin, respectively, for 

pectin lyase enzyme purified from Bacillus pumilus (P9). KM and Vmax values for PL enzyme 

purified from Geobacillus stearothermophilus Ah22 were determined to be 0.47 mg/mL and 

355.3 mol/Ldak, respectively, by Demir et al. in 2011 [5]. 

The hNF-PL enzyme was found to show more activity against pectin, locust bean gum, 

and chitin substrate than did pure PL enzyme. By using, The Vmax and KM values of hNF-PL 

enzyme were; 20.12 mol/Lmin and 0.86 mg/mL, respectively for pectin substrate; 2.97 
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mol/Lmin and 0.8 mg/mL, respectively for locust bean gum substrate; and 3.25 mol/Lmin 

and 0.6 mg/mL, respectively for chitin substrate. As seen in Table 3, Vmax and KM values of 

hNF-PL differ from those of pure PL enzyme. For a pectin lyase enzyme in nanoflower 

structure, the Vmax value is was observed to have increased while KM value decreased, which is 

evidence for the increased affinity of the enzyme for pectin substrates. It is possible to interpret 

that the increase in Vmax value was due to the fact that the hNF-PL enzyme was more stable 

than the other structure [50].  

3.5. The results of pure PL and hNF-PL enzymes in the fruit juice production process. 

The efficiency of pure PL and hNF-PL enzymes in fruit juice production and their 

usability in clarification processes were investigated. For this purpose, black grape, 

pomegranate, cornelian cherry, peach, apple, and plum obtained from the local markets of 

Erzurum-Turkey were pureed and treated with pure PL and hNF-PL enzymes. It was compared 

with the blank reaction medium prepared with pure water instead of an enzyme. When the 

amount of fruit fiber obtained after separation of the filtrate in the sample was compared, the 

highest rate of degradation of the fibers and cells in the samples was occurred in the apple 

sample by 38.3% for pure PL and 42.6% for hNF-PL (Table 4). 

Table 4. Dry matter (D.M.) fragmentation rate of fruit purees added with pure PL and hNF-PL enzyme samples 

purified from B. pumilus, with reference to the control sample 

Fruit amount (100 g) Control Pure PL  hNF-PL 

Black Grape D.M. (g) 3.8 3.5 3.4 

Decrease % - 7.9 10.5 

Pomegranate D.M. (g) 4.2 3.2 3.1 

Decrease % - 23.8 26.2 

Cornelian 

cherry 

D.M. (g) 5.2 4.8 4.2 

Decrease % - 7.7 19.2 

Peach D.M. (g) 3.3 3 2.3 

Decrease % - 9.1 30.3 

Apple D.M. (g) 4.7 2.9 2.7 

Decrease % - 38.3 42.6 

Plum D.M. (g) 3.2 3 2.7 

Decrease % - 6.25 15.6 

According to the results of spectrophotometric measurements of the reaction media at 

660 nm, the application in which the highest clarity rates were observed was the production of 

peach juice by 76.6% and 78.7% for pure PL and hNF-PL, respectively (Table 5). 

Table 5. Reduction in absorbance at 660 nm in fruit juices obtained from fruit purees added with pure PL and 

hNF-PL obtained from B. pumilus 

Fruit % Reduction in absorbance at 660 nm 

Kontrol Pure PL Hybrid PL 

Black Grape 100 42 49 

Pomegranate 100 32.8 42.5 

Cornelian 

cherry 

100 55.9 70.6 

Peach 100 76.6 78.7 

Apple 100 73.3 76.1 

Plum 100 43 48.5 

In a study conducted by Demir et al. [5], in the clarification experiments of fruit juices 

(apple, orange, peach, and banana) carried out by adding PL enzyme obtained from 
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Geobacillus stearothermophilus Ah22 bacteria, fragmentation rate in dry matter, in percentage 

to the control sample,  in apple, orange, peach and banana juices were determined to be 30.8%, 

53.3%, 34.6%, and 71.8% respectively [43]. The highest fragmentation rate was observed in 

banana juice, with a yield of 71.8%. 

Sojitra et al. immobilized 3 enzymes, α-amylase, pectinase, and cellulose, on the amino-

functional magnetic nanoparticle via the glutaraldehyde intermediate arm and used it in fruit 

juice clarification [44-46]. With the use of this magnetic immobilization system comprised of 

three enzymes, apple, grape, and pineapple fruit juice production with 150 min treatment 

yielded a reduction of turbidity by 41%, 46%, and 53%, respectively. Although three separate 

enzymes were employed in the combination, their results were lower than those achieved in 

this study [47-49]. 

4. Conclusions 

Microbial enzymes are widely used in different industries because of their high yields, 

high stability, and economic advantages. Pectin lyase enzyme, which is in the commercial 

hydrolase enzyme group, and has a 70% industrial market share, is widely used in the food 

industry. In this study, 16S-RRNA gene and 16S-23S rRNA intergenic spacer regions (ISR) 

were identified by means of sequence analysis and isolated from tomato vegetables, and it was 

determined that the bacteria belonging to B. pumilus species was found to have a similarity of 

99%. The extracellular production of the PL enzyme was achieved in a solid culture medium 

with B. pumilus bacteria, and the PL enzyme was first time purified by using the TPP technique 

with a high yield. In the immobilization of purified PL isoenzyme, hNF-PL was synthesized 

and characterized for the first time with the ionotropic gelation method. In the final stage of 

the study, using both free and hNF-PL enzymes, some fruit juices were clarified, and hybrid 

PL enzyme was found to be effective, hence increasing the yield more than free PL enzyme. 

The higher stability and effectiveness of hNF-PL are attributed to the greater surface area of 

its structure. In this respect, the hNF-PL structure is considered suitable to be used in different 

enzyme systems, in various industrial fields, especially in the food industry, without any 

inhibition. 
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