
Cloning, expression and characterization of a metagenome
derived thermoactive/thermostable pectinase

Rajvinder Singh • Samriti Dhawan •

Kashmir Singh • Jagdeep Kaur

Received: 19 September 2011 / Accepted: 5 June 2012 / Published online: 19 June 2012

� Springer Science+Business Media B.V. 2012

Abstract The gene encoding a thermostable pectinase

was isolated from a soil metagenome sample. The gene

sequence corresponded to an open reading frame of

1,311 bp encoding a translation product of 47.9 kDa. It

showed maximum (93 %) identity to a Bacillus licheni-

formis glycoside hydrolase. Deduced amino acid analysis

showed an absence of highly conserved cysteine residues in

the N-terminal region at positions 24 and 42, and in the

C-terminal region at positions 389, 394, 413 and 424.

pQpecJKR01 (pQE30 expression vector containing the

pectinase gene) was expressed in Escherichia coli strain

M15 as a recombinant fusion protein containing an N-ter-

minal 69 His tag. Biochemical properties of this pectinase

were novel. The enzyme had temperature and pH optima of

70 �C and 7.0, respectively, but was active over a broad

temperature and pH range. The enzyme was stable at 60 �C

with a half-life of 5 h and the enzyme activity was inhib-

ited by 0.1 % diethyl pyrocarbonate and 5 mM dicyclo-

hexyl carbodiimide. The enzyme could be of great use in

industrial processes due to its activity over a broad pH

range and at high temperature.

Keywords Pectinase � GH family 28 � Metagenomics �
Thermostability � Recombinant expression

Introduction

Pectic polymers are one of the important polysaccharides

present in plants and fungi. In plants, pectin is an important

component of the middle lamella and primary cell wall.

Pectin consists of a backbone of galacturonic acid residues

linked by a-1,4 glycosidic linkages. This backbone is to

some extent methyl-esterified and interspersed with rham-

nose, arabinan and galactan side chains [1]. Pectic polymers

are degraded by the action of pectinolytic enzymes, which

can be more or less divided into two categories; pectin

esterases, which remove methyl groups and depolymerases

that shorten the backbone. The depolymerases may be

divided into hydrolases and lyases. A classification based on

amino acid sequence similarity is now superseding this

original classification scheme because it reflects structural

features, reveals evolutionary relationships and provides a

convenient tool to derive mechanistic information [2]. Based

on this classification, around 300 families are described on

the Carbohydrate Active Enzymes; http://www.cazy.org

database [3], where all hydrolases including polygalactu-

ronases (PGs) are classified in glycoside hydrolase (GH)

family 28. Pectic enzymes play an important role in fruit

ripening [4], fruit abscission, and plant diseases [5, 6]. They

are produced by phytopathogenic fungi, bacteria, nematodes

and higher plants. These enzymes are actively involved

during penetration of pathogens and subsequent disease

developmental stages. Some organisms like Aspergillus

niger and Bacillus sp. secrete multiple forms of pectinases

[7–10]. These forms generally have different pH optima and

half-life [10]. The presence of various carbon sources and

metal-ions in the growth media also leads to variation in the

level of enzyme production [10]. Over the years, pectinases

have been used in several conventional industrial processes,

involved in the textile, tea, coffee, plant fiber processing, oil
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extraction, industrial wastewater treatment, and paper and

pulp industries [11, 12]. Temperature stability is regarded as

one of the most important characteristics of a biocatalyst for

use in industrial applications, hence novel enzymes are

constantly being sought.

A metagenomic approach is often employed to isolate a

large number of novel products like new antibiotics [13],

antibiotic resistance genes [14], transporters [15] and novel

biocatalysts [16–18]. This approach vastly increases the

pool of biological diversity from which novel enzymes

may be isolated. Therefore, an attempt has been made in

the present investigation to clone a metagenome-derived

gene from environmental soil samples collected from hot

springs of northern India that encodes a highly thermoac-

tive and thermostable pectinase. The gene was sequenced

and compared with known sequences. The gene was

expressed in Escherichia coli and the enzyme was char-

acterized biochemically.

Materials and methods

Sample collection and DNA isolation

Soil samples were collected from hot springs of Manikaran

(32.0333N, 77.3500E), India, where the temperature varies

from 70 to 100 �C. Metagenomic DNA was isolated [19]

and purified [20]. Briefly, 1.3 ml of extraction buffer

(100 mM Tris–Cl, pH 8.0; 100 mM EDTA, pH 8.0; 1.5 ml

NaCl; 100 mM sodium phosphate buffer; CTAB 1 % w/v)

was added to 0.5 g soil sample. After complete mixing

100 lg/ml of proteinase K was added and incubated for

45 min at 37 �C. SDS (2 % w/v) was added and incubated

at 60 �C for 2 h, followed by a chloroform: isoamyl alco-

hol (24:1) extraction and precipitation by 0.6 volume iso-

propanol. Samples were centrifuged at 12,000 rpm for

15 min to pellet down the DNA. The pellet was air-dried

and dissolved in TE (10 mM Tris–Cl and 1 mM EDTA, pH

8.0). For purification of DNA, a Q-Sepharose (Sigma,

USA) anion exchanger was used to remove humic acid

impurities following Sharma et al. [20].

Cloning, sequencing and analysis of a pectinase gene

Primers were designed based on known sequences of

pectinase genes from other species to amplify a metage-

nomic pectinase gene by PCR. (Forward primer 50-GTG

AGT CTG CAG AAA ATA AAA G-30 and reverse primer

50-TTA GGC TTT GTG TGA GTC ATA G-30). The PCR

mix contained 30 ng metagenomic DNA, 1.5 mM MgCl2,

1X Taq buffer, 0.2 mM dNTPs, 0.2 lM of each primer and

1U Taq polymerase (Larova, Germany) in a final volume of

25 ll. The following PCR profile was used: 1 cycle 94 �C

for 3 min; 35 cycles of 94 �C for 30 s, 55 �C for 40 s, and

72 �C for 2 min; followed by a final extension at 72 �C for

7 min. Amplified products were analyzed on a 1.2 %

agarose gel and then purified using the GenEluteTM Gel

Extraction Kit (Sigma, USA) according to the manufac-

turer’s instructions. The PCR product was ligated into

pGEM�-T vector (Promega, USA) as described by the

manufacturer. The recombinant vector was then trans-

formed into E. coli JM109 and recombinants were screened

on LB ampicillin plates containing X-Gal (40 lg/ml) and

IPTG (0.3 mM). Plasmid DNA was prepared according to

Sambrook et al. [21].

Sequencing was carried out by Bangalore Genei, India,

using an automated ABI 3100 Genetic Analyser.

BLAST (www.ncbi.nlm.nih.gov/BLAST/) and ClustalW

[22] programs were used for similarity analysis and sequence

alignment. SignalP-hidden markov models (HMM) [23, 24]

was used to analyze signal sequences and the 3D structure

was predicted using ESyPred3D [25].

Expression of recombinant PecJKR01His

The primer pair, Forward 50-AA GGATCC ATG AGT

CTG CAG AAA ATA AAA G-30 Reverse 50-AA GTC-

GAC TTA GGC TTT GTG TGA GTC ATA G-30, was

designed with BamHI and SalI restriction sites, respec-

tively, for in frame ligation into pQE30 expression vector

(Qiagen, Germany). PCR reaction conditions were the

same as mentioned above. The PCR product was run on a

1.2 % agarose gel and desired amplification product was

extracted using the GenEluteTM Gel Extraction Kit (Sigma,

USA). The gel-purified PCR product and pQE30 vector

were digested separately using BamHI and SalI (NEB,

USA). The digested fragments were purified from the gel

and ligated using T4 DNA ligase (Bangalore Genei, India).

The recombinant plasmid, pQpecJKR01, was trans-

formed into E. coli strain M15, containing the pREP4

plasmid and plated on LB ampicillin kanamycin plates. A

colony of E. coli M15/pQpecJKR01 with insert was

confirmed by colony PCR [26].

Effect of varying IPTG concentration on gene expres-

sion was studied using 0.05, 0.1, 0.2 and, 1.0 mM of IPTG.

A colony was cultured overnight in 5 ml LB medium

containing ampicillin (100 lg/ml) and kanamycin (30 lg/ml).

The overnight culture was used as inoculum (10 % v/v) to

inoculate 100 ml of LB, and grown till OD620nm reached

0.45. At this point IPTG of varying concentrations was

used to induce the culture and grown for 3 h at 25 �C, after

which cells were harvested by centrifugation at 8,000 rpm

for 15 min at 4 �C. The cell pellet was resuspended in lysis

buffer (10 mM Sodium Phosphate buffer, pH 7.0 and

0.2 % Triton-X 100) to release the induced enzyme which

was analyzed by SDS-PAGE [21].
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Pectinase assay

Pectinase activity was assayed using the 3,5-dinitrosalicylic

acid (DNS) method for estimating reducing sugar levels

[27]. Polygalacturonic acid (PGA) (0.5 % w/v, HiMedia,

India) was used as substrate in the reaction mixture with

50 mM phosphate buffer, pH 7.0 and an appropriate amount

of enzyme (2.0 lM). This reaction mixture was incubated at

70 �C for 20 min. A standard curve was prepared using

varying concentrations of galacturonic acid. One unit

activity was defined as the amount of enzyme forming

1 lmol of galacturonic acid per minute at 70 �C. Specific

activity of the enzyme was also calculated. Protein con-

centration was estimated using a protein estimation kit

(Bangalore Genei, India) based on the BCA method.

Biochemical characterization of the enzyme

Temperature and pH optima were determined by carrying

out assays at different temperatures (10–90 �C) and buffers

of varying pH (4–11), respectively. After determining

temperature and pH optima, all other assays were per-

formed at these conditions. For a thermostability assay the

enzyme was incubated for 30 min at different temperatures

and then kept for 15 min at 4 �C. The sample without any

treatment served as control (100 %). The activity assay was

then performed at optimum pH (7.0) and temperature

(70 �C). Similarly for pH stability assay the enzyme was

incubated for 1 h at 25 �C with buffers of different pH

making the final strength of the reaction mix to 50 mM.

Half life at 60 �C was determined by incubating the

enzyme for 5 h at 60 �C. 30 ll of enzyme was removed

after every 1 h and kept on ice for 15 min. Similarly, half

life at 70 �C was determined by incubating the enzyme for

1 h at 70 �C. 30 ll of enzyme was removed after every

10 min and kept on ice for 15 min. Enzyme activity was

then determined as described earlier. Effects of 0.1 %

DEPC (diethyl pyrocarbonate) and varying concentrations

of DCCD (dicyclohexyl carbodiimide) were studied to

modify histidine residues and amino acids with carboxylate

groups, respectively. Similarly the effect of 0.1, 1, 10, and

100 mM b-mercaptoethanol was also studied. The modi-

fiers and enzyme were incubated for 30 min at 25 �C. The

sample without any additive was taken as control (100 %).

Substrate specificity

Pectin and polygalacturonase (each at 0.5 % w/v) were

used to check the substrate specificity of the enzymes. To

check pectin lyase activity 1 mM Ca2? was used in the

enzyme reaction.

All the biochemical assays were performed in triplicate.

Results and discussion

Cloning and analysis of a pectinase

In the present study we cloned and characterized a pectinase

gene and its product from metagenomic DNA isolated from

hot springs soil. Metagenomic DNA was isolated and puri-

fied by Q-Sepharose. Purification reduced the humic acid

content by 84 % making DNA suitable for use in PCR.

A PCR-based cloning strategy was used to clone a gene

encoding a pectinase. After successful PCR an amplification

product of 1,311 bp was obtained (Fig. 1a). The gene was

sequenced and the gene sequence was submitted to GenBank

(NCBI) as accession number FJ538208. Similarity analysis

using BLASTn (NCBI) showed maximum 93 % identity

to a gene encoding a pectinase from Bacillus licheniformis

[Accession No.: CP000002] [28] and a putative polygalac-

turonase from B. licheniformis DSM13 [Accession No.:

AE017333] [29]. BLAST results further showed 69 %

[Accession No.: CP000813.1] [30], 66 % [Accession No.:

AY836633] [31] and 65 % [Accession No.: CP000473]

[32] sequence similarity to GH genes from Bacillus pumilus

SAFR-032 and uncultured bacterium clone BD8804,

respectively. The deduced amino acid sequence shared 93 %

identity with a GH family protein (YP_080606.1) from

B. licheniformis ATCC14580 and a recently submitted

hypothetical protein, HMPREF1012_02989 (ZP_08001950.1),

from Bacillus sp. BT1B_CT2 (isolated from an oral swab of

a patient with Crohn’s disease). A GH (YP_001488197.1)

from B. pumilus SAFR-032 showed significant similarity

with a low E value of 4e-171 with 96 % query coverage.

Identity in this case was observed to be 66 %.

Fig. 1 a PCR amplification of 1,311 bp product (lane 2), lane 1:

100 bp Plus ladder (Fermentas, Germany), b whole cell protein

analysis of uninduced and IPTG induced samples. Protein samples

were analyzed on a 12 % SDS-PAGE gel. Lane 1: uninduced sample,

lane 2: 0.1 mM IPTG induced sample, lane 3: protein molecular

weight marker
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The gene encoded a protein of molecular weight

47.9 kDa, which was confirmed by SDS-PAGE (Fig. 1b).

Molecular weight calculated by gel filtration was

33,550 kDa. The lower molecular weight observed by gel

filtration could be due to a barrel-shaped structure of the

protein as conformation (more appropriately hydrodynamic

radius) plays an important role in elution profile. Similar

variation has also been observed previously, where

molecular weights according to SDS-PAGE and Gel fil-

tration (Sephacryl S-100) were 60 and 40 kDa, respectively

for a polygalacturonase from Aspergillus kawachii [33].

The PCR-based cloning from a soil metagenome sample

resulted in isolation of a pectinase belonging to GH family

28. ClustalW alignment for deduced amino acid sequence of

our newly isolated pectinase [PecJKR01His, Accession No.:

FJ538208] with other pectinase sequences from GH 28

family, whose 3D structure and catalytic sites are known was

carried out (Fig. 2). An endopolygalacturonase from Col-

letotrichum lupini [34], an Aspergillus aculeatus polyga-

lacturonase [35] and an endopolygalacturonase II from

A. niger [36] showed 25 % identity with PecJKR01His.

An endopolygalacturonase [37] and endopolygalacturonase

I from A. niger [38] showed 24 and 23 % identity, respec-

tively. Sequence conservation was observed in catalytically

important segments viz. 230_NTD, 253_DD, 287_GHG and

320_RIK. Conservation was invariably observed in Arg-320

and Lys-322, which are believed to be involved in substrate

binding [39–41]. Conservation of Gly-293 and Tyr-355

which are conserved in all GHs was also observed. Tyr-355

is believed to be indispensable for enzyme activity [35, 41].

In addition other conserved sequences were observed

(shown in black). Residues flanking the 253_DD motif,

glycine and cysteine are significant since all plant, bacterial

and most fungal endopolygalacturonases have glycine

N-terminal to this motif and all plant, insect and fungal PGs

have cysteines immediately downstream [41]. From this we

can conclude that our pectinase is most probably either of

fungal or plant origin, however this is a very interesting

result as the gene sequence showed maximum similarity

with a bacterial gene from a B. licheniformis.

Sequence analyses showed some amino acids in novel

positions e.g. presence of Leu-195 in place of a highly

conserved proline and Val-234 instead of a strictly con-

served phenylalanine. Analysis shows absence of highly

conserved cysteine residues [39] in the N-terminal region

at positions 24 and 42, and in the C-terminal region at

positions 389, 394, 413 and 424.

Expression of pectinase

The ORF of the gene was inserted in the MCS of pQE30

vector and recombinant protein was purified. The effect of

various IPTG concentrations showed that 0.1 mM IPTG

was optimum for the highest level of gene expression and

enzyme production. Specific activity of the enzyme in

lysate was determined to be 20 U/mg after induction with

0.1 mM IPTG for 3 h.

The enzyme was intracellularly expressed due to an

absence of signal sequence in the protein, confirmed by

analyzing the deduced polypeptide sequence using SignalP

3.0-HMM, based on neural networks and HMM.

Biochemical characterization

The recombinant enzyme demonstrated pH and tempera-

ture optima of 7.0 (Fig. 3a) and 70 �C (Fig. 3b), respec-

tively, making it a highly thermoactive GH. The enzyme

showed activity over a broad range of pH and temperature.

The optimum temperature for the enzyme activity was

observed to be 70 �C. However, the enzyme showed more

than 90 % relative enzyme activity till 60 �C. Further the

enzyme demonstrated more than 80 % relative enzyme

activity till 50 �C. Even at extreme temperatures such as

10 and 90 �C, the enzyme showed 54 and 35 % relative

enzyme activity, respectively (Fig. 3b). The enzyme was

stable for 30 min till 60 �C (Fig. 3b). The enzyme retained

40.69 % enzyme activity after treatment at 70 �C for

30 min. The half-life of enzyme was determined to be 5 h

at 60 �C and 23 min at 70 �C. The reduced thermostability

at 70 �C could be attributed to the fact that with increasing

temperature, the stability of any enzyme would decrease.

Similarly enzyme activity was observed over a broad pH

range of 5.0–9.0. At pH 5 and 9, 74 and 77 % relative

enzyme activity was observed. The enzyme was nearly

90 % stable in the range of pH 4–11 for 1 h (Fig. 3a). To

the best of our knowledge this is the first pectinolytic

enzyme reported from a soil metagenome sample having

optimal activity at 70 �C. Comparison with other enzymes

mentioned in Table 2 shows that Polygalacturonate

hydrolase [43] and PelB [40] had higher temperature

optima than PecJKR01 but were active in acidic pH and in

narrow pH range. The property, that made PecJKR01

special, was its high activity over a broad pH and tem-

perature range. PelB showed optimum activity at 80 �C but

demonstrated less than 10 % of the maximum value at

65 �C which was far less than the 94 % of PecJKR01 at the

same temperature. As mentioned earlier PecJKR01 exhib-

ited 55 % relative activity even at 10 �C. The EndoPG1

from the fungus Stereum purpureum showed 40 and 35 %

relative activity at 40 and 90 �C, respectively [44]. The pH

optimum of PelB was 6.4 but it showed less than 20 %

relative activity at pH 5.4 and similarly at pH 7 the activity

dropped rapidly. Contrary to this, the PG from Thermoas-

cus aurantiacus CBMAI-756 showed less stability towards

varying pH than PecJKR01 [46]. This PG also showed

lower activity at pH other than optimum pH, showing 47
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Fig. 2 Multiple sequence

alignment of PGs belonging to

GH family 28 whose 3D

structures are known.

Sequences:

endopolygalacturonase II from

A. niger [PDB Id: 1CZF],

endopolygalacturonase G chain

from C. lupini [PDB Id: 2IQ7],

endopolygalacturonase I F chain

from A. niger [PDB Id: 1NHC],

polygalacturonase from A.
aculeatus [PDB Id: 1IA5],

endopolygalacturonase A chain

from Fusarium monoliforme
[PDB Id: 1HG8], PecJKR01

from metagenome [GeneBank,

NCBI accession number

FJ538208]. Black regions show

complete identity while grey
regions partial similarity
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and 10 % relative activity at 4.0 and 6.5, respectively in

contrast to 75 and 77 % relative activity of PecJKR01 at

5.0 and 9.0, respectively. The EndoPG1 showed optimum

activity in the pH range of 3.5–4.5. This enzyme demon-

strated relative activity of 40 % at pH of 3.5 and 5.5.

Similarly, APGase also showed very less activity at pH

other than its optimum (10.0) [45]. The relative activities in

this case were 50 and 60 % at 9.0 and 11.5, respectively.

The PGase M from Kluyveromyces marxianus demon-

strated highest activity in acidic pH at 5.0 [48]. The PGase

showed 10 % relative activity at pH 3.0 and no activity at

pH 8.0. The half-life of endo PG from Penicillium capsu-

latum was 3.8 min which was far less than 5 h of Pec-

JKR01 at 60 �C [47].

In contrast to pectate lyases which have an absolute

requirement for Ca2? [49], PecJKR01 did not require Ca2?

for its activity. Therefore we inferred that PecJKR01 was

a polygalacturonase. This was confirmed when enzyme

activity was assayed on 9 % methyl esterified pectin sub-

strate, when the enzyme showed no activity. Some

enzymes had been found to show activity on both PGA and

pectin as a substrate [49, 50] but PecJKR01 showed only

polygalacturonase activity (Fig. 4a).

Generally the catalytic site for a particular family of

enzymes was conserved. Therefore we used this rationale

to predict the catalytic site in our cloned enzyme. Protein

sequences were retrieved from RCSB Protein Data Bank

(www.rcsb.org). The conserved catalytic site was predicted

using multiple sequence alignment and was found to be

Asp-232, Asp-253, Asp-254, and His-287. These were

further confirmed by using chemical modifiers for aspartate

and histidine residues. Enzyme activity was completely

inhibited by 0.1 % DEPC (a modifier of histidine residues),

and reduced to 77 and 19 % by 1 and 5 mM DCCD, (a

modifier of carboxylic acid residues) (Fig. 4b).

Most of the enzymes demonstrating a high similarity

with this enzyme at the amino acid sequence level showed

a high content of cysteine residues (8 residues). Two

conserved cysteine residues in the N-terminus region and

four conserved cysteine residues in the C-terminus region

were absent in PecJKR01. Only one conserved cysteine

residue in the 253_DDC conserved motif was present in

PecJKR01. In PecJKR01 a total of five cysteine residues

were present between which disulfide bonds could be

formed. It had been observed that when conserved cyste-

ines were not present, they were generally replaced by

Fig. 3 a Effect of varying pH

(filled triangle) on enzyme

activity using 0.5 % PGA as

substrate, in 50 mM Acetate

buffer (pH 4 and 5), 50 mM

Phosphate buffer (pH 6, 7 and

8), 50 mM Tris–Cl (pH 9), and

50 mM Glycine-NaOH buffer

(pH 10 and 11). pH stability

analysis (filled square), b effect

of temperature on activity (filled
triangle) and thermostability of

enzyme (filled square)

Fig. 4 a Effect of different

substrates on enzyme activity.

Enzyme activity checked using

PGA and 9 % methyl esterified

pectin. While activity of 14

U/ml was observed in case of

PGA as substrate, no activity

was observed in case of pectin

as substrate, b effect of

chemical modifiers on enzyme

activity
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hydrophobic residues [51]. In the case of PecJKR01 also

cysteines were replaced with hydrophobic amino acids

viz. phenylalanine, alanine and methionine. However,

DISULFIND [52–54] predicted no disulfide bonds in this

protein while two probable disulphide bonds were pre-

dicted with DiANNA [55]. Moreover when different con-

centrations of b-mercaptoethanol were added to the

reaction mix little inhibition in enzyme activity was

observed with low concentration of b-mercaptoethanol

(Table 1) apart from at 100 mM where notable inhibition

was recorded. Conversely, Kaur et al. [56] observed nearly

51 and 42 % relative activity after treatment with 1 and

5 mM b-mercaptoethanol, respectively. Therefore this

result justifies the prediction by the DiANNA bioinfor-

matics tool. It was reported that highly conserved disul-

phide bonds play a crucial role in acquiring the appropriate

folding state or for maintaining the active site conformation

while other non-conserved disulphide bonds had a protein

specific role [51]. In this case it might be speculated that

these disulphide bonds are not important for maintaining

the active site but might be important to maintain overall

protein structure. On the other hand cysteine residues

provided thermostability not only because of disulfide

linkage but also due to higher hydrophobic effect [57]. The

later fact could also be responsible for the high thermo-

stability of PecJKR01.

The 3D structure was predicted using 3JUR (PDB Id) as

a template which shared 48.5 % identity with PecJKR01

[58]. Parallel b-helix structural domains characteristic for

GH family 28 members were observed (supplementary

material). The secondary structure revealed 36 % extended

b sheets, 59.4 % loops and the remainder being helical.

Structural analysis showed that all the catalytically

important residues viz. Asp-232, Asp-253, Asp-254, His-

287, Arg-320, and Lys-322 were present on the surface and

in close proximity to each other. Amino acid analysis

showed the presence of 45 glycine residues, which account

for the thermophilic nature of the enzyme because of the

high conformational entropy of glycine [59]. Amino acid

sequence also showed the presence of 21 proline residues

which are frequently present in loop regions of thermo-

stable enzymes [60]. Furthermore the high percentage of

Glu, Lys, Ile, Val and Leu might account for the higher

thermostability of the enzyme. The enzyme showed

behavior which is contradictory to convention defined

earlier [61]. The basic amino acid ratio Arg/Arg ? Lys of

this enzyme (0.38) is unexpectedly lower than that of

thermophiles and even lower than that of mesophiles

(0.40). This suggests that PecJKR01 is an exception and

shows contradictory behavior from previously accepted

conventions for thermostability.

In conclusion, PecJKR01 enzyme demonstrates unusual

molecular characteristics that resulted in novel biochemical

properties such as high enzyme activity over a broad pH

and temperature range. It demonstrated high thermosta-

bility at 60 �C. Therefore the importance of this enzyme

in industrial processes and for studies to elucidate struc-

ture/function relationships and to design inhibitors is

warranted.

Table 1 Effect of varying concentrations of b-ME on enzyme

activity

Samples Remaining activity (%)

Control 100 ± 7.32

0.1 mM 96 ± 0.45

1 mM 94 ± 0.25

10 mM 71 ± 1.30

100 mM 36 ± 2.4

Table 2 Comparison of PecJKR01 with thermostable PGs

Source Enzyme name Protein size

(kDa)

pH

optimum

Temperature

optimum (�C)

Reference

Thermotoga maritima PelB 50 6.4 80 [40]

Thermoanaerobacterium thermosulfurogenes Polygalacturonate hydrolase 320 5.5 75 [43]

Metagenome PecJKR01 47.9 7.0 70 This study

S. purpureum Endo PG1 40 3.5–4.5 70 [44]

Bacillus sp. APGase 60 10 65 [45]

T. aurantiacus CBMAI-756 PG 30 5.5 65 [46]

P. capsulatum Endo PG 51.6 4.7 62 [47]

K. marxianus PGase M 44 5 60 [48]

Information about other enzymes was obtained from BRENDA–The comprehensive enzyme information system [42]
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