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ABSTRACT

Twenty two bacteria were isolated from soil
samples local. were assayed for pectinolytic activi-
ty after optimization condition for pectinase produc-
tion. isolate No. 22 showed high pectinase specific
activity (91.4U/ml) on glucose supplemented me-
dium. the identification of the isolate revealed that
it belongs to the Genus klebseilla bassed on mor-
phological, biochemical characteristic, growth and
molecular level 16s rRNA indicated that isolate
was 99% similarity with Klebsiella oxytoca JKo3.
Therefore, it was named Klebsiella oxytoca N22.

Key words: Pectin, Pectinase, Pectinase produc-
ing bacterial Klebsiella oxytoca.

INTRODUCTION

Enzymes are biocatalysts which are synthe-
sized by living cells. It is also defined as the cata-
lyst that increases the velocity or rate of a chemical
reaction. Microbial enzymes are routinely used in
many environment friendly and economic industrial
sectors (Hoondal et al 2002). Microbes are the
best source of enzymes as they allow an economi-
cal technology with low resource consumption and
low emission involving no social and political is-
sues, as in the case of animal and plant
sources (Dalvi et al 2007).

Pectic substances, are acidic structural poly-
saccharides in the middle lamella and primary cell

wall of higher plants or a major constituent of cere-
als, vegetables, fruits, and fibers, is a complex,
heterogeneous, Aaisha and Barate 2016, pectins
are glycosidic macromolecules with high molecular
weight (Mei et al 2013 and Raju and Divakar
2013).

The main chain of pectin is partially methyl es-
terified 1,4-D-glacturonan. Demethylated pectin is
known as pectic acid (pectate) or polygalacturonic
acid. (Rokade et al 2015 and Famotemi et al
2015).

Pectic substances are basically classified into
four main types based on the type of modifications
of the backbone chain. They are, Protopectin, Pec-
tic acid, Pectinic acid and Pectin (Kashyap et al
2001 and Kumari et al 2013).

This complex carbohydrate of pectin is degrad-
ed by an extracellular enzymatic complex called
pectinase (Mei et al 2013).

Pectinase (EC 3.2.1.15) are the enzymes be-
longs to the class hydrolase which are able to hy-
drolyse pectin known as pectic enzymes Sidevi et
al 2016 that breakdown pectin polysaccharide
substrate found in the cell walls of plant tissues
through de-polymerization and de-esterification
reactions into simpler molecules like sugar and
other useful compounds (Aaisha and Barate
2016; Tripathi et al 2014 and Raju and Divakar
2013).

Pectinases are produced by many organisms
such as animals, plants, bacteria, yeasts and Fun-
gi, insects, nematodes, protozoan and plants.
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Among the various pectinase sources, bacterial
extracellular pectinase are the most significant,
compared with animals, plants, viruses and fungal
extracellular pectinase (Aaisha and Barate 2016
and Famotemi et al 2015).

Microbial Pectinases account for 10-25% of the
global worldwide production of enzymes or the
food and industrial enzyme sales and their market
is increasing day by day Raju and Divakar 2013.

The genus Bacillus and Coccic contains a
number of industrially important species and ap-
proximately half of the present commercial produc-
tion of bulk enzymes derives from the single class
of enzymes which play an important part in the
metabolism of almost all organisms (Raju and
Divakar 2013).

The largest industrial application of pectinase is
in food industries for fruit juice extraction and clari-
fication. Pectins contribute to fruit juice viscosity
and turbidity, jams, jellies, sauces, ketchups, fla-
voured syrups, desserts and other food industries.
A mixture of pectinases and amylases is used to
clarify fruit juices, it decreases filtration time up to
50%. treatment of fruit pulps with pectinases also
showed an increase in fruit juice volume from ba-
nana, grapes and apples. Pectinases are also
used in industries for textile processing and bi-
oscouring of cotton fibers, for degumming of plant
bast fibers, retting of plant fibers, in waste water
treatment, in coffee and tea fermentation, cocoa
and tobacco, Recycling of wastepaper in paper
and pulp industry, Also (Singh et al 2012) reported
that, in dairy industries, these are used to prevent
the formation of casein clumps for improvement of
chromaticity and stability of red wines and other
foods. The main objective of this work is to isola-
tion, characterization and molecular identification
of the best pectinase producing bacteria and opti-
mization condition for pectinase production.

The main objective of this work is to isolation,
characterization and molecular identification of the
best pectinase producing bacteria and optimization
condition for pectinase production.

MATERIALS AND METHODS

1- Soil samples

2- Preparation of soil samples

3- Pectinase medium

3.1 Pectinase screening agar medium (PSAM):
Basic medium used for pectinase screening ac-
cording to (Rokade et al 2015) contained (G/L)

3.2 Pectinase screening method

The isolates were screened for pectinase ac-
tivity this was done by sterile PSAM plates were
prepared and all bacterial isolates were spot inocu-
lated on those plates. according to Raju and Di-
vakar, 2013 and Rokade et al 2015. A clear zone
around the growth of the bacteria indicate the
strains which are able to utilize pectin as a source
of carbon develop colony on PSAM medium and
were selected as positive cultures.

3.3 Pectinase production medium (Tripathi et al
2014) contained (G/L). Inoculume preparation:
experimental was conducted in 250ml capacity
conical flasks contained 50 ml of the above medi-
um. And autoclaved at 121°C for 15 min..the cul-
ture were inoculated with prepared inoculum.

4- 16S rDNA universal primers

The universal primer set used was synthesized
through Sigma Scientific Services Co. They are:

Forward primer (FP) 5-
AGAGTTTGATCATGGCTCAG-3’
Reverse primer (RP) 5- GGTTACCTT-

GTTACGACTT-3.
5- Agarose gel electrophoresis

TBE buffer (5X), Loading buffer and ethedium
bromide according to Sambrook and Russell,
2001

6- Collection and isolation of pectinolytic mi-
croorganisms according to Aaisha and Bara-
te 2016.

7- Pectinolytic isolates identification

7.1. Biochemical identification of bacterial iso-
lates

The twenty two local isolates, which obtained
were characterized morphologically, physiologically
and biochemically according to John and Bergy
(1993).

7.2. Molecular identification of bacterial isolate

The 16S rDNA region was partially amplified by
polymerase chain reaction (PCR) and sequenced.
Crude lysate of cell (fresh prepared) was obtained
and subjected to PCR amplification using the uni-
versal primer (Delta Company).

8- Electrophoresis
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A sample of PCR product was analyzed using
agarose gel electrophoresis and compared with
1Kb Ladder DNA marker (250 bp — 10000 bp)
(AXYGEN).

9- Sequencing of purified 16s rDNA gene

Finally sequencing to the PCR product on
GATC company by ABI 3730xI DNA sequencer
using forward and reverse primers.

10- Pectinase relative growth production (C/G)

Pectin agar plates were inoculated with tested
bacterial strains and incubated at 37°C for 48h.
Developed colonies surrounded by clear zones
were selected as pectinase positive strains as de-
scribed by Rokade et al (2015). Three measure-
ments were used to determine the enzyme relative
growth production as described by Solaiman et
al2005.

11- Productivity of pectinase enzyme, pecti-
nase assay and protein content were de-
termined by the method of Tripathi et al
2014

12- Study of growth parameters of isolates
showing maximum pectinase production
well be done according to the method de-
scribed by Khan and Barate (2016).

RESULTS AND DISCUSSION

1. Isolation of pectinolytic bacteria

Many purified colonies were screened for their
pectinolytic activity using pectin agar medium. 22
isolates showed clear zones surrounding their
growth as indication for their ability to degrade pec-
tin as shown in Fig. (1).

Fig.1. Pectinase activity of some isolates as indicated by clear zones surrounding bacterial growth on pec-
tinase screening agar medium (PSAM) plates 48 h post incubation at 37°C

Table 1. Pectinase activities of different bacterial isolates.

Isolate Pectinase Total Relative Iso- Pectinase Total Relative
No. activity (U/ml) | protein growth pro- late activity protein growth pro-
(mg/ml) | duction (C/G)* No. (U/ml) (mg/ml) duction (C/G)
1 36.18 0.462 21.77 12 5.160 0.531 18.77
2 4.940 0.387 11.77 13 6.720 0.657 15.00
3 4.680 0.440 11.11 14 3.540 0.375 10.11
4 28.62 0.295 15.00 15 48.54 0.717 25.00
5 6.240 0.524 16.00 16 5.940 0.284 18.77
6 52.32 0.789 25.00 17 9.420 0.554 18.77
7 6.180 0.572 17.25 18 3.660 0.480 11.77
8 61.08 0.831 32.11 19 6.900 0.671 15.00
9 5.520 0.499 15.00 20 15.00 0.522 18.44
10 57.96 0.777 28.00 21 45.06 0.724 36.00
11 5.340 0.418 18.77 22 64.98 0.798 12.56
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(CIG)*: *(C) lyses zone area, (mm?); (G) colony growth area (mm?)

As an indicator for pectinase activity, relative
growth production was calculated to each bacterial
isolate (Tablel). The results showed different rela-
tive growth production (C/G) among the isolates
ranging from 36.0 (isolate 21) to 10.11 (isolate 14).
The most active isolates were 1, 6, 8, 10, 15, 21
and 22 which had 21.77, 25.00, 32.11, 28, 25, 36
and 12.56 in relative growth production (C/G), re-
spectively.

Pectinase specific activity was assayed for
each isolate after growth in the basic medium sup-
plemented with 1% pectin. Table (1) showed dif-
ferent pectinase activities among the tested iso-
lates. The pectinase specific activities ranged be-
tween 3.5 (isolate 14) to 64.98 (isolate 22) U/ml
respectively.

The highest pectinase specific activities were
found in the isolates; 1, 6, 8, 10, 15, 21, and 22
where they had 36.18, 52.32, 61.80, 57.96, 48.54,
45.06 and 64.98 U/ml, respectively. Two isolates
low in pectinase specific activities were found, 2
and 7 where they had 4.940 and 6.180 U/ml, re-
spectively

In another assay of pectinase activity of the iso-
lates, protein contents were measured as indicated
by O.D2s0 measurements. Protein contents ranged
between 0.284 and 0.83 isolate 16 and isolate 8
respectively. The highest isolates in protein con-
tent production were No0.8, 22 and 6 which pro-
duced O.Dygp of 0.831, 0.798 and 0.789 respec-
tively.

The results in Table (1) illustrated that there is
no correlation between relative growth production
(C/IG) and the pectinase specific activity, it also
showed that isolate No. 21 and No. 22 produced
36.00 and 21.77 as relative growth production
(C/G), while isolate No. 22 was more efficient in
pectinase activity (64.98 U/ml) than isolate No.
21(45.06 U/ml).

This result is in agreement with the results re-
ported by Aunstrup (1974) and Soliman et al
(2005). These results may due to incompatibility or
differences in growth conditions, e.g., depth of
agar layer can affect the diffusion of enzyme.

In agreement with the obtained results, Khan
and Barate 2016 Seventy-two bacterial strains
were isolated from twenty various sources includ-
ing soil, water, rotten fruits, vegetables etc. Prelim-
inary screening for pectinase producing bacterial
strains was done by well plate method and twenty-
six bacterial strains gave zones on minimum salt
(MS) medium supplemented with 0.2% pectin.

Most of the isolates belonged to plant origin, either
rotten fruits or vegetables due to high pectin pres-
ence as compared to other samples. Amongst the
bacterial isolates, ZP-F5 and ZP-F6 gave the larg-
est zone sizes i.e., 45 mm and 40 mm respectively.
All selected strains were subjected to cellular,
morphological and biochemical characterization.

Rokade et al 2015 screen out and isolate effi-
cient pectinase producing bacterial strains and to
identify bacterial strains. Isolates were screened
for pectinase production by using pectinase
screening agar medium (PSAM). Six pectinase
producing bacterial strains were isolated from Os-
manabad soil samples of fruit market.one strain
showing maximum zone was selected and this
strain was identified .This strain was tested for
morphological and biochemical characters and
was designated as Staphylococci sp.

2. Optimization conditions of isolates for pecti-
nase production

To identify the suitable carbon sources for pec-
tinase production by the isolates. The following
different carbon sources were tested such as glu-
cose, sucrose, starch, lactose, xylose, and fructose
with sample concentration of 0.5% in the optimized
carbon sources in production medium at 37°C.

carbon sources ‘e
91.45 100
glucose

79.98 80
70.1 xylose
80
6252 actose star :h 55 64
sucrose fructose 70
60
50
40
30
20
ic
(o}
7 22

lsolate no.

Pectinase activity (U/ml)

Fig. 2. Effect of carbon source on the pectinase
production by sources

The maximum pectinase production were; iso-
lates No. 22 was (91.4U/ml) on glucose supple-
mented medium, isolate No. 7 was (79,98U/ml) on
xylose supplemented medium and isolate No.2
was (71.1U/ml) on starch supplemented medium.
The minimum pectinase production was isolate
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No0.10 was (11.82 U/ml) recorded in sucrose sup-
plemented medium as shown in Fig. 2.

nitrogen sources 8745 100 &
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ammonium , 80 D
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Fig. 3. Optimization conditions of isolates for pecti-
nase production on nitrogen sources.

The pectinase production by the selected bac-
terium was also optimized by supplementing differ-
ent organic and inorganic nitrogen sources individ-
ually at the concentration of 0.5% such as (pep-
tone, casein, urea, yeast extract, ammonium sul-
fate and ammonium chloride)

The maximum pectinase production were iso-
lates No. 22 was (87.45U/ml) on peptone supple-
mented medium, isolate No. 7 was (69.46U/ml) on
ammonium sulphate supplemented medium and
isolate No.2 was (65.64U/ml) on casein supple-
mented medium (71.1U/ml) on starch supplement-
ed medium as shown in fig 3.

In agreement with the obtained results, (Kaur
et al 2016) reported a total of five isolates showed
pectinase production and designated as PPB1 to
PPB5. Isolate PPB5 showed maximum enzyme
activity of 0.641 IU/ml. Pectinase activity was opti-
mized for various parameters like incubation time,
temperature, pH, different carbon and nitrogen
sources. Enzyme activity was observed maximum
at 96 hr of incubation, 35°C temperature and at pH
6. The best carbon was found to be glucose.
Among organic and inorganic nitrogen sources
yeast extract and ammonium nitrate was found to
be better than other nitrogen sources. Among the
five isolates, the isolate PPB5 showed maximum
activity at all optimum conditions.

3. Pectinolytic isolate identification

The highest pectinase active isolate found in
this study after optimization experiments was No.
22, and it was identified morphologically, physio-
logically and biochemically according to John and
Bergy (1993). Table (2) represent the results ob-

tained. Light micrographs showed that the selected
isolate No. 22 is gram-negative and belongs to the
Genus klebseilla.

Table 2. Biochemical tests and characterization of
high isolates

Test Result Test Result
Grame stain - Acid from : +
Shape Circular D-glucose +
Color Cream L-arabinose +
Elevation Flat D-xylose +
Surface Smooth D-sucrose +
Citrate D-fructose +
Tyrosein + D-galactose +
Starch hydrolysis + D-lactose +
Nutrient agar + D-mannose
(2%NacCl)
Nutrient agar + Caseinase +
(5%NacCl)
Nutrient agar + Urease +
(7%NacCl)
Nutrient agar - Manitol salt -
(10%NacCl) agar (MSA)
Nutrient agar (4°C) - Indol +
Nutrient agar (30°C) + Catalase
Nutrient agar (55°C) - Lipase -
Voges proskaour/MR + Oxidase +
Nutrient agar (pH5.7) + Gelatin +
Nutrient agar pH 6.8 + +

+ Positive reaction; - negative reaction

Nine isolates No.1, 2, 6, 7, 8,10,15,21 and 22
were characterized by 16S rRNA via amplification.
Fig. (4) showed the successful 16S rRNA amplifi-
cation of the isolate which produce about 1500 bp
amplicon.

21| 22

1500bp
T000bp

Fig. 4. Agarose gel electrophoreses of 16S rRNA
amplification of some isolates lane M, 1 kb DNA
ladder; Isolate No. 22 16S rRNA amplicon.
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The amplified product of high isolate No. 22
was the highest in pectinase activity purified and
its nucleotide sequence was determined by GATC
company using ABI 3730xI DNA sequencer by
forward and reverse primers. The sequence was
aligned using clustalX program and the phyloge-
netic tree was booted by MEGAS3 softwar. Fig. (5)
represents the obtained sequence. This sequence
was compared with other related sequences avail-
able in GenBank.

Nagwa Abdel-Aziz, Atallah, Abdel-Aal, Mohamed, Ibrahim and Zein Elabedeen

Alignment in GenBank (Blast) indicated that the
isolate No. 22. 16S rRNA was 99% similar with
16S rRNA Klebsiella oxytoca JKo3 as shown in
Fig. (6).

Phylogenetic analysis based on 16S rRNA se-
guences showed that the isolate No.2 is closely
related to Klebsiella oxytoca JKo3 (Fig.7) therefore
it was named Klebsiella oxytoca N22 and used
for further studies.

AGGTTTCGTAGAGCATGAACCTGGCTCAGGAGCTCAGTAGCGCGGGAGCCGGAGTGACTAG-
TGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGG-
TAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTT-
GCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGAC-
GATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCC-
TACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAA-
GCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGG-
GAGGAAGGCAATAAGGTTAATAACCTTGTCGATTGACGTTACCCGCAGAAGAAGCAC-
CGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCG-
GAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCG-
GATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTGGAGTCTT-
GTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATAC-
CGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAG-
CAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGACTTGGAGGTT-
GTTCCCTTGAGGAGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCG-
CAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAG-
CATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTAG-
CAGAGATGCTTTGGTGCCTTCGGGAACTCTGAGACAGGTGCTG-
CATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCG-
CAACCCTTATCCTTTGTTGCCAGCGGTCCGGCCGGGAACTCAAAGGAGACTGCCAGTGA-
TAAACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGC-
TACACACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGAC-
CTCATAAAGTATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGC-
TAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACAC-
CGCCCGTCACACCAAGGAGTGGGTTGTAATCCATCCTCCGGCTTAGTAAGTAGCAACAAGTCTGCCGTTG

Fig. 5. 16S rDNA of isolate No.22.
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Fig. 6. Alignment in GenBank (Blast) of isolate No.22
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Klebsiella sp. LTGPAF-6F, complete genome

0.001

Q Qlcl|Query_186487

9 (OKlebsiella oxytoca DNA, complete genome, strain: JKo3

9 Klebsiella oxytoca strain CAV 1374, complete genome

Klebsiella oxytoca strain AR_0147, complete genome

Klebsiella michiganensis strain KCTC 1686, complete genome

Klebsiella oxytoca KONIHI, complete genome
9

Klebsiella oxytoca strain CAV1752, complete genome

Fig 7. Phylogenetic analysis based on 16S rRNA sequences of isolate No.22.
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