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ABSTRACT

Biotechnology is the use of microorganism to penf@pecial industrial proces3hereforeThe aims of our study
were to screen the bacteria that able to producetipase enzyme from locally marine by isolationhtegue.
Pectinolytic activity, confirmed by the clear zomesthe pectin medium plates. The highest pectinaseidentified
as Paenibacillus lactiNRC1 which produce 3.20 U/ml after 2 days of intidoaat pH 7, 40°C, 5 g/L pectin and
yeast extract 1 g/L. The purification fold of thezgme was 98.718 with final recovery 3.844% usiifiprént
chromatographic steps. The molecular weight ofghsefied pectinase determined by SDS-PAGE was 45Tkie
ideal pH was 7 and the enzyme safe up to 40 °60anin. The i and V,.xwas 0.772 and 7.936 respectively.
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INTRODUCTION

Pectinases are normally utilized as a part of nomsenaturally agreeable and economical divisionthergrounds
that there are expanding interest to supplant doaditional chemical processes which are enormaparesion in
consciousness of the impacts of contamination, amdiia has affected both industry and governmenh wit
biotechnological forms including microorganisms &mtymes such as pectinase [1,2]. Pectinolytigraas bring
been expansive provisions in fruit juice commereiaterprises in place will upgrade fruit juice diefurthermore
clarity [3,4] and they have a share of over 25 %hi& worldwide scale of the nourishment enzyme8§][5hey
would largely used on eradication also elucidafimnapples and oranges juices, eradication abog¢tedle oil,
preparing from claiming alcoholic beverages, matoreof espresso beans, furthermore tea sack leestting and
degumming from claiming fibers [7,8], and novel bggtions in the production of oligogalacturonidesfunctional
food components. The enzymes hydrolyzing pectinude endo-polygalacturonase (EC 3.2.1.15), exopoly-
galacturonase (EC 3.2.1.67), pectin lyase (EC 4.@)2and pectin esterase (EC 3.1.1.11) [9,F@ctinases are
generated by a significant numbers of organismsntiiog bacteria, fungi, yeasts, insects, nematqaedpzoa and
plants. However, determination of a specific strain remaénglull errand and the decision gets harder when
financially enzyme outputs are to be accomplishBdcterial strain yielding commercial catalysts aveuld
dependably always favoring through contagious rstraiue to simplicity for maturation methodologystifiermore
execution for strain change systems or whateveentistrategy on increment those yield from clagnimocessing
[11]. Pectinases from bacteria have functional weetiability [10] likewise development through adei degree for
pH [9], also may be useful in various industriapbigations that require usage regarding raised &zatpres,
extremes regarding pH additionally ionic conceesafTherefore, it is significant with research iagting natural
surroundings and studies the indigenous flora abvatoscopic organisms with exceptional enzymatissibility.
Sediment of mangrove tree gives suitableness cdoredifferent bacteria because of plenitude of daess,
saltiness and natural flotsam and jetsam of plant animals [12]The current study focuses on screening of
pectinolytic bacteria from mangrove trees, improubd production of pectinase through media optitiora
followed by its purification.

150



Manal, S. Selim et al Der Pharma Chemica, 2016, 8 (9):150-159

MATERIALSAND METHODS

Microorgainsms
All microorganisms used in the present study waken from laboratory of Microbial Biotechnology. 84e strains
were tested on citrus medium for pectinse prodactio

Screening for pectinase production

Purified colonies were spotted on to pectin endicagar plates which contained (g/L) pectin 5, yeastact 5, agar
16 (pH 7.0). After 2 days, clear zones were vigealiusing 1% cetrimide solution [13] and a potewidpcer of
pectinase was selected.

Submer ged fer mentation of pectinase

Pectinase production from the selected bactemainstvas carried out in pectin broth containind_jg¥east extract,
1; pectin, 5; KHPGQ,, 4; NaCl, 2; MgSQ7H,0, 1; MnSQ, 0.05; FeSQ7H,0, 0.05; CaGl2H,0, 2; NH,CI, 2 and
distilled water with 50% sea water at pH 7.3 [12fermentation was carried out in 250-mL Erlenmefask
containing 50 mL of production medium with 1% (vinoculum (16 cells/mL) and incubated at 40°C under
shaking condition (150 rpm) for 2 days. The cultbreth was centrifuged at 5,000 rpm for 20 min d€.4The
supernatant was subjected to pectinase assay.

Assay of pectinase

Polygalacturonase activity was determined by qiéing the amount of reducing groups expressed &sgaonic
acid units, liberated during the incubation of 1 wiL1% (w/Vv) citrus pectin, prepared in 0.2 M phioafe buffer
(pH 7) with 300uL of the enzyme at 40°C for 20 min, by DNSA metHdd]. One unit of polygalacturonase
activity was defined as the amount of enzyme reguio release fimol of galacturonic acid per minute under
standard assay conditions [15] and expressed tspe millimeter (U/mL).

I dentification of bacteria
The bacterial strain which produces high amountspe€tinase, was identified in previous researcbuab
polysaccharide and it take accession number aftemited to Genebank [16].

Effect of physico-chemical parameters

The promising stain was subjected to differentureltconditions to derive the optimum conditions fectinase
production. Pectinase production were estimatedegtilar time intervals (1, 2, 3, 4, and 5) days apbbcted
temperatures (25, 30, 35, 40, 45, 50 and 55 °@)p&h(3, 4, 5, 6, 7, 8 and 9). All the experimentge carried out
in 500-mL Erlenmeyer flask containing 100 mL of dlamedium in triplicate.

Effect of nutritional parameters

The effect of substrate concentration on pectinagathesis was investigated by incorporating various
concentrations of pectin (1, 2, 3, 4, 5, 6 andLj gito the production medium. The effect of difat organic (beef
extract, yeast extract, peptone) and inorganicsMHNH,),SO,; NaNQ,) nitrogen sources were investegated.

Protein estimation
Total soluble protein was determined by Bradford] [dsing bovine serum albumin as the standard.

Purification of pectinase

The proteins were precipitated from the supernatatit ammonium sulfate (0-80% saturation. Pectinastive
fraction was pooled, centrifuged (5,000 rpm, 25)naind the precipitate was dissolved in minimal antaf 0.2 M
sodium phosphate buffer, pH 7 and dialyzed ovetréghl °C. The dialyzate was loaded on to a DEAE-cellulose
anion exchange column (1640 cm), which was equilibrated and washed withN).2odium phosphate buffer, pH
7. The enzyme was eluted with a linear gradieritl@€! (0-1.0 M) at the flow rate 1 mL/min and tHeaate was
monitored for absorbance at 280 nm, conductivitg pactinase activity. The most active fractionarfrDEAE-
cellulose column were pooled, dialysed as describgulevious step and loaded on a (.60 cm) of Sephadex G-
100 equilibrated with 0.2 M phosphate buffer pHnd aluted with one liter of the same buffer at floate 0.5
mL/min. Elute (5 mL fractions) was collected for aserement of absorbance at 280 nm and the enzytinéyac
was assayed [18]. The active fractions were poalwdi dialysed against the same buffer. The proteittenit was
measured and the pectinase activity was assaygesasbed before.

Characterization and properties of the purified pectinase

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
Molecular weight of the purified pectinase was defeed by SDS-PAGE according to the method of Ladmm
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[19]. The strength of the gel was 12% (w/v) and the pmdtends were stained with Coomassie brilliant Hu250.
Molecular weight markers were used to determinentlwdecular mass of purified pectinase. The markezee:
carbonicanhydrase (29 kDa), albumin (egg) (45 kbayjne serum albumin (66 kDa), phosphorylase ©@)kp-
galactosidase (116 kDa) and myosin (205 kDa).

Optimum pH and ther mal stability

To estimate the optimum pH of the pure pectinabe activity was measured with 1 mL of citrus pedtdo (w/v)
in 0.2 M of citrate phosphate buffer pH (3.0-5f8hpsphate buffer pH (6.0-7.5) and Tris-HCI pH (8@0€) [18]. To
determine the thermal stability of purified enzyreamples were pre-incubated with different rangeeofperature
from 30°C to 100°C at different times (10, 20, 80, 50 and 60) min. Assays were performed as destabove.

Substrate concentrations

Different concentrations of citrus pectin (0.2,,0046, 0.8, 1, 1.2, 1.4 and 1.6 % w/v) have beesduand the
apparentK,, values of citrus pectin were determined througldists relating substrate concentrations to the
velocities of the reaction. The appar&m andV,,. values for these substrates were determined frimemieaver—
Burke plots [20].

RESULTSAND DISCUSSION

Silt around the rhizosphere of the mangrove trddsha considerable measure for debris from au®lysimicrobial
debasement of fallen leaves, blossoms, verdanersustes [21]. These natural materials supply wtadind
nutrition of a living structures found in the trsarroundings [22]. Bacteria, fungi , furthermordirm@mycetes,
which decay those plant based polysaccharides daimtly flourish in the tree sediment [23]. In théroduce study,
all the selected stains obtained from the rhizogplsediment samples.

Screening of pectinolytic bacteria

Eight strains of bacteria were previously isolabedn the mangrove sediments screened for pectipasduction
revealed that all the strains were pectinolyticai®s number 1, 2, 3 and 4 exhibited great pegttitopossibility
with the strain number 7 Likewise the most notetwprproducer (data not shown). On the other handjnst
number 5 and 6 indicated moderate enzymatic paienthereas, stain number 8 might have been disedvi®
process those most reduced zone from claimingrpégtrolysis. Mangrove bacteria bring extraordinpegtinase,
presumably due to those riches of natural residoethe debris. This perception may be bolsterednmany
discoveries whom noticed that 61.1% of the badtestisains of the mangrove tree exhibited valualdetipase
activity [24] .
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Fig. 1. Effect of incubation period on pectinase production
Characterization of the pectinolytic strain

The highest pectinase production strain numberve lheen identified aBaenibacillus lactidlNRC1 in other study
[16]. This strain produced several enzymes sudatsase, oxidase, arginine dihydrolase, and pginase[25].
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Effect of physico-chemical parameters

In the current study, the yeild of enzyme produtt@ries according to the time of icubation of feEmentation
steps[26]. Pectinase processing might have been recedrialowing 1 days for brooding. A progressive angmt
in the pectinase level might have been distinguidiethose second day of the fermentation pro¢@8s45 U/mL),
whereas, there might have been a soak decrealse rettinase action after th&' 4lay for incubation, as shown in
Figure (1). Past this period the enzyme handling awfully ihecl, because of the exhaustion of crucial supphésne
in the production medium and/or collection of hauh#uxiliary metabolites.

4.0+

3.5-
3.0- -

2.5 -/ \

2.0- -

1.5 - \
1.0+ -/ \

0.5+ \.
0.0 T T T T T T

1
20 30 40 50 60

Tempertature (O

Fig.2. Effect of temperature on pectinase prouction

~
E
S
-
-
o
v
- p—
N
@
~
@
]
S
=
- p—
N
<
L
R

<

pH values

Fig.3. Effect of pH on pectinase prouction

The incubation temperature incredibly influencesrotiial development rate, catalyst secretion, gatakstraint,
also protein denaturation [27]. Forty celsius degbacked most extreme pectinase amalgamation (3/1h),

concerning illustration exhibited dfigure (2). Due to the mesophilic bacterial strain moods tempertaure might
be support and enhance membrane permeability arkdisrmanner most extreme pectinase emission uthaer
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medium. A decline to pectinase production mightehbegen watched when incubation temperature was4i’ez,
this is owing to the impaired metabolic activitytbé isolate. Banat al.[18] expressed the same results.

pH of the fermentation medium accepts an esseatidit carried out figuring out the level for metét®
amalgamation. The balance of the microbial metédalill be also subject to the hydrogen ion of mhedium[27].

pH 7 enhanced the extreme pectinase productioB (3/thL) Figure (3). The bacterial strains of the mangrove tree
favour the neutral pH rather than alkaline pH foe growth and the productivity of the enzymes. Ehesults are

in a good accedence with Kashyeipal [28]who stated that pectinase productiorBatillus sp.DT7 increased at
pH 7.2.

Effect of nutritional parameters

The accomplishment of a fermentation procedureeseliasically for notable system parameters thaaémghe
microbial improvement furthermore metabolite getiera [29]. Submerged fermentation is may be
comprehensively used to the industerial processingiicrobial enzymes. Approachability of usefulasare about

a utilizable substrate in the fermentation mediwgip$in high yeild of enzyme production.

Substrate concentration enhanced the highest psetiactivity of (3.20 U/ml) from 5 g/L pectin. Piegbercentages
either lower or higher than 5 g/mL exhibited lespasduction of the enzyme, as indicatedFigure (4). These
outcomes were concurred with de Andratlal[30]
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Fig. 4. Effect of pectin concentration on pectinase production

Nitrogen supplements, The point when combined utiderproduction medium, sway better biomass preipara
furthermore hence higher metabolite emission. ggérous compounds would used by those microbiak ubit
synthesis nucleotides, amino acids, proteins anerahetabolites [26]. The effect of different orgaand inorganic
nitrogen supplements was investigated.

Organic nitrogen supplements like beef extract padtone decreased the yield of pectinase yet, yodsict
enhanced the maximum productivity of the enzym@1(3J/mL) Figure (5). This might make attributed of the
vitamins, in addition accessory growth factors relty present in these organic supplements. Ambegrorganic
nitrogen sources, both ammonium chloride and amuomorsulfate promoted greater pectinase productidwereas,
sodium nitrite declined the activity as seenFigure (5). Many authers reported the same result [31,18lewh
others expressed that ammonium sulfate decreasetivéy [12].

Purification of pectinase

Fractions from 60% ammonium sulfate saturation destrated high pectinase activity and specific @t in

comparison with crude pectinase as noticedable (1). The obtained pectinase produced after partialiyfipd

using 60% ammonium sulfate was subjected on colofDEAE-cellulose. The elution diagram of the eneym

illustrated graphically irFigure (6). The obtained result showed a single peak corglutiith pectinase activity.
The specific activity has elevated to 64.382 U/nithw fold purification fold of 40.038. Subsequentification by
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gel filtration using Sephadex G-100 was appliede Elution diagram of the enzyme is illustrated preglly in
Figure (7). The obtained result showed a single peak caonglutith laccase activity of active DEAE cellulose
fractions. The purification results are summarize(lr able 1) with an overall recovery of 3.844%. The purificatio
of pectinase is imperative from the viewpoint ofeleping a better understanding of the functiorohthe enzyme.
Precipitation is regularly utilized technique fdretisolation and recovery of proteins from unradifgological
mixtures. Reporters found that pectinase is pretgd by 60% saturation of ammonium sulfate fridgdocereus
polyrhizusand Penicilliumsp. respectively [32,33,34]. It It might have bemtounted the use of Sephadex G-100
for the purification of pectinase frofenicillium chrysogenurandPenicillium chrysogenumespectively [18,35],
while additional investigations used Sephadex Glievise G-200 for pectinase purification [28,12].

3.5 9
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Fig. 5. Effect of nitrogen sour ces on pectinase production
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Fig.6. Elution profile of pectinase (60% saturation) on DEAE- cellulose
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Table. 1. Summary of the purification of pectinase

Total activity

Total protein

Specific activity

Purification steps Volume (ml) (Units) (mg) (Units/mg) Purification (fold) Recovery (%)
Crude 1200 3840 2388 1.608 1 100
(NH4):SO, (60%) 10 78.9 7.58 10.408 6.472 2.054
DEAE-cellulose 40 262.68 4.08 64.382 40.038 6.840
Sephadex G-100 30 147.63 0.93 158.741 98.719 3.844
6 6
e 5 15
E ] —® — O.D at 280nm ]
3 —e — Activity (U/ml) .
g 4] ) {4 E
§ 3 43 ®
] ] 8
\ o)
2 on ® 12
J o / J
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Fig. 7. Elution profile of pectinase (from activated fractions of DEAE-cellulose) on sephadex G-100

The apparent molecular weight of the purified pete was observed to be 45 kDa by SDSPAGE assé&égur e
(8). This outcome is will be over end closeness with tonsider that pectinase frddtreptomyces lydicuwas
found to be 43 kDa [36]. In another reports, thdemolar weight of purified exo-polygalacturonasenfrBacillus
stearothermophillug24 kDa) [37], Fusarium oxysporium f. sp. melof&8 kDa) [38],Penicillium frequentan§20
kDa) [39] andPenicillium chrysogenumwas determined as 31 KIDEB].
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Fig. 8. SDS-PAGE of pectinase enzyme. Analysis performed on a polyacrylamide. From left to right: Lane 1, standard molecular weight
markers, Lane 2, final purified pectinase.

Enzyme characterization
Perfect pH of the pectinase might have been detednon diverse buffer systems, as previously desdriThe
pectinase demonstrated appropriate activity withimge of pH values (6.0 to 8.0), and the most ésvanzyme
activity (4.944 U/mL) was gotten at pH Hogure (9).
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Fig.9. Effect of pH on purified pectinase

The ideal temperature of the pectinase was estihipteletermining its activity at different tempenats. As shown
in Table 2 the enzyme was active over a wide extent of teatpers from 30 to 70 °C, and the optimal activigsw
gotten at 40 °C. The residual activities of peamat 30 and 70 °C were 98.2 and 22.87 %, respdctiVhe
analysis of the thermal stability of pectinase dadiéd that the pectinase obtained more than 50 # attivity in
the temperature range of 30—60 °C, yet the enzyotieityg was markedly diminished at temperatureghler over
60 °C. The relative activity of the enzyme at 70W&s 22.87 %, but there was no notable activitieatperatures
more over 70 °C. This might be owing to denaturaid the tertiary structure of the pectinase ateéheluated
temperatures [40,41]. Moreover, the findings ol#diin this study are consistent with those of savprevious
studies that analyzed the isolation of pectinasenfiother sources, such as fungi and actinomyc¢@s12];
however, another previous study showed that anasgiisolated from a fruit source was thermost@dp

Table 2. Thermal stability of purified pectinase

Residual laccase activity (%)
Time (minutes) Temperati@

30 40 50 60 70 80
10 98.2 | 100[ 975 5341 2287 D
20 98 100f 85.14 33.88 12.71 D
30 97.21| 100, 71.02 2543 3.4p 0
40 97.08| 100[ 60.99 10.1p 2.2P 0
50 96.16| 100 27.1 7.81 1.11 D
60 95 100| 124 1.89 0 q

As seen irFigure (10) pectinase activity increased by increasing thecentration of citrus pectin till reached 1%
(w/v), the activity was (4.944 U/mL) and after thlag increase of the activity was very weak. RygandV ., was
0.772 and 7.936, respectively. A lower Km valueéates a higher binding of enzymes and substrdfs [
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Fig. 10. Lineweaver -Burk plot of pectinase activity with pectin

CONCLUSION

Mangrove bacterial strains are a good source fotip@se production and the thermostable abilityhef produced
pectinase will be used in further studied in indastind biotechnological application.
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