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ABSTRACT

The activity of polygalacturonase(PGase) producgdbnicillium citrinum was studied in solid stagerhentation
(SSF) using sugar beet pulp as substrate. A fatbféal design was used to study the effect ofaffables (yeast
extract , pH , inoculum size, incubation perioddaincubation temperature) on polygalacturonageduction.
Maximum polygalacturonase (PGase) production ( WaQ dry fermented substrate(U/gdisas obtained in 8 days
at 30°C and pH 5.5 with yeast extract as the bésbgen source (1.2%) inoculated with 1 ml of speuspension
(1.8x10° spores/ml). Using the optimized conditions otddal design, maximum PGase production has been
obtained by using 0.7 kGy of gamma radiation withaativity 152.2U/gdfs as compared to the parergtist(un-
irradiated). The enzyme was partially purified ggiii5% ammonium sulphate precipitation, dialysisd agel
filteration chromatography on sephadex G-100. Th#noum pH and temperature of the enzyme were fomed
6.0 and 40°C respectively. The enzyme was four tstable in the pH range 4-8 and showed high talait
temperature range 20-60°C. The effect of metal mm®nzyme activity was investigated. It was foilmad Mg,
and Zri? stimulated PGase activity.

Keywords: Penicillium citrinum ;Polygalacturonase(PGase) ; Factorial design ; garadiation.

INTRODUCTION

Currently, the fundamental exploitation of agricuétt and food wastes, which participate in pollnfigs the
controlled biological degradation of the wastesntigroorganisms for the production of valuable compuas such
as proteins, polysaccharides, oligosaccharidesmiits, hormones, enzymes and other raw materialséalicinal
and industrial uses [1].

Pectinases are widely used in the disintegratioplanit tissues in the fruit and vegetable processidustries, for
increasing juice extraction, for decreasing visgosf the concentrates and for making pectic comgsesoluble to
complete sedimentation and clarification of juif&s3] and wines [4].

Pectinolytic enzymes are classified according &rtbleavage of the galacturonan part of the peuntirecule.They
can be distinguished into pectinesterases (PE3E.Q.11), which modify pectin esters into low nwtfi pectins
or pectic acid and pectin deploymerases, which i glycosidic linkages between galacturonosytfl ester)
residues. Polygalacturonases (PGs) split glycosiitkage next to free carboxyl groups by hydrolysikile pectate
lyases (PALSs) split glycosidic linkages next toefrearboxyl groups bg- elimination. Both endo types of PGs and
PALs (E.C3.2.1.15 and E.C 4.2.2.2, respectively® &nown to randomly split the pectin chain. Exo-
polygalacturonases (exo-PGs, E.C 3.2.1.67) relems®mers or dimmers from the non-reducing end efctmain,
whereas exopectate lyases (exo-PALs, E.C 4.2.21@pse unsaturated dimers from the reducing enghlyi
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methylated pectins are degraded by endo-pectir$ygendo-PL,E.C 4.2.2.10) and also by a combinatfid?E with
PG or PAL [5, €].

The ability to synthesize pectinolytic enzymeseasywcommon in groups of microorganisms, but furrgi greferred
on the industrial scale. This is because about 6D%e enzymes produced may be secreted in thaereutbedium
[7]. PGs, the most abundant and extensively studiethe pectinolytic enzymes, typically exist in tingene
families and may have both endo [8] and exo a@&wif9].

The synthesis of pectolytic enzymes by microorgasishas been reported to be highly influenced by the
componenets of the growth medium. Most extracellulenduced enzymes are known to be synthesizeugher
guantities when inducers are present in the ctiémanedium [10].

The production of pectolytic enzymes using difféarenbstrates and the effect of physical parametach as
temperature, aeration rate and type of fermentatiere investigated [11] and [12].Pectolytic enzyrhase been
reported to be induced by several substances. hy wases pectin itself has been used.Other inwstig had used
complex media such as beet sugar, wheat bran, dnowirmeal, citrus fruit peels, etc. [13, 14].

Polygalacturonases appeared to be the most frdguarountered pectic enzymes. They are formetémiajority

of plant tissues particularly in ripening fruits.IsA many plant pathogenic and saprophytic microuigyas
produced polygalacturonases [15] ,[16].Most furtwattexhibited pectolytic activity produce polygdlaonases
either as sole pectic enzymes as observedsanchromyces fragilisor in association with either or both
pectinmethylesterases and pectinlyase [17]. Thiealrrole of these enzymes in the degradatiorhefrtost middle
lamella and cell walls, leading to plant tissuesaeration and cellular death had been documen®@dlfd ,19]. The
infection of cotton seedlings hizoctonia solanisoft rot yam and sweet potato, brown rot of afyidlonilinia
species and deterioration of tomato WBotryoplodia theobromaePat have been reported to produce
polygalacturonases and other cell wall degradingyewms [20, 21,22,23, 17 ,16]. The culture filtesatsf
Collectotrichum lagnarunexhibited polgalactuonase activity [24].

Pectinase production from microorganisms has beparted under both submerged and solid state feati@ns.
Solid state fermentation (SSF) is defined as thivation of microorganisms on moist solid substtgireferably on
agricultural residues like wheat bran, rice hugk, that can in addition, be used as carbon antygrsmurce. SSF
takes place in the absence and near absence oWétee thus being close to the natural environntenihich
microorganisms are adapted [25].

The optimization process condition under SSF isegally done by varying one condition at a timerapgh [26]
However, these strategies are laborious and timewring especially for a large number of variabiasl factorial
design (FFD) is an experimental strategy for segkiie optimum conditions in a multivariable stu@y [ 28] The
optimization process searches for a combinatiopasmeter levels that simultaneously satisfy tlglirements
placed (i.e. optimization criteria) on each on@ufcess parameters and response.

The most important prerequisite for microbial proiiln is the isolation of enzyme hyper-productiveitamts,
which are obtained by subjecting parental strainsuccessive mutagenic treatments. Therefo@{rinumisolate
was exposed to gamma radiation treatment to deaterthe effect of irradiation exposure on pectirmgehesis.

This study was undertaken to evaluate the produatiopolygalacturonase (PG) (E.C., 3.2.1.15.)Rgitrinum

under SSF using sugar beet pulp as the substyatieyization of the fermentation parameters [indidraperiod,

medium pH, yeast extract, inoculums size and teaipeg] were also taken into consideration by amgiyfull

factorial design( FFD). This work also aimed taifiate the wild strain to certain doses certainedasf gamma
radiation to select a high producer isolate. Alsbaracterization of the partially purified enzymashbeen
investigated.

EXPERIMENTAL SECTION

Microorganisms

Fungal strains (from 1-14 as mentioned in tablegjewprovided from Pharmaceutical Microbiology Lélrug

Radiation Research Department, National CenteRfttiation Research &Technology (NCRRT)Nasr CityrGai
Egypt. Fungal colonies were maintained on potatdrdee agar medium, stored at 4°C and freshly stbed

every four weeks.
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Screening of Microorganismsfor pectinolytic activity

Fourteen fungal strains were assayed for pectiaaieity using sugar beet pulp containing mediuran Hrams of
sugar beet pulp, which act as carbon source asasgdectinases inducer [29], were placed in 29bmenmeyer
flask and moistened with 20 ml distilled watemihich the following nutrients were dissolved (@®MaHPO, +
0.08g KHPO,+ 0.5% yeast extract(Oxoid)) and autoclaved afCZor 30 min. Each flask was inoculated with 1
ml of spore suspension (about 1.8%&Pores/ml) prepared in Tween 80, 0.1% v/v andiated at 25°C for 7 days
at static state. Visual observations regardingvjtavere made on each day and samples were dravadjoally to
assess the enzyme production. Enzyme was extragtfeOml of 0.2M sodium acetate buffer (pH 5.50 diftered.
The filtrate was centrifuged at 50009 for 15 mit&C and used as source of the crude enzymenBsetactivity
in the filtrate was assayed according to the metkpdrted by30].

Polygalacturonase assay

Enzyme activity was determined using pectin as tsates The reaction mixture, containing equal antewf 1%
pectin prepared in sodium acetate buffer(o.2 M; JpiH&nd suitably diluted crude enzyme, were incedbatt 50°C
in water bath for 10 min. The reaction was stoppétth 0.5ml dinitrosalycyclic acid solution (DNS) (3B after
which the mixture was boiled for 5 min and cool&te colour density has been recorded at 540nm {3hgCO
V-560 UV-visible spectrophotometer). The amountreducing sugar released was quantified using ghu@Ess
standard. The enzyme activity (U/gdfs) was caledats the amount of enzyme required to releasenicremole
(1umol) equivalent of galactouronic acid per minute.

Protein assay
The protein content of the crude enzyme was detertinby the Folin method of Lowery et al [31] usiBgvine
Serum Albumin (BSA) as standard.

Application of factorial design for optimization of polygalacturonase production by P.citrinum under solid state
fermentation.

A full factorial two-level design(3 was performed to confirm the optimization of ipeedent factors level by
taking incubation period (7 and 8 days), pH (5rl &.5), inoculum size (1.8x34hd 3.6x18 spores/ml)
,temperature (25 and 30°C) and nitrogen conte{@bd 1.2%) in this study.The level of independaators were
optimized by studying each factor in the desigtwat different levels(-1, and +1),Table 2).The minimcoded as(-
1)] and maximum [coded as(+1)] range of experimevadues of each factor used. A set of 32 experism@vas
performed. The quality of fitting the first-orderontel was expressed by the coefficient of deterriina® and its
statistical significance was determined by F-t@8ie sugar beet pulp had been used as the solencsohirce.

Effect of gamma radiation on polygalacturonase production

All irradiation processes were carried out at treidhal Center for Radiation Research and Techryo{blCRRT)

Nasr City-Cairo-Egypt. Irradiation facility was @&® Gamma chamber 4000-A india. The source gaveageatose
rate 3.696 kGy/hr at the time of experiments. Tieghl strain was grown on PDA for 8days and subgbdb

gamma radiation at doses (0.1, 0.2, 0.5, 0.7,8 afhd 2 kGy). The tested cultures have been irpagst for its
enzyme activity.

Partial purification of crude enzyme

i-Ammonium sulphate precipitation

The cell free filtrate was brought to 75% satunatiy mixing with ammonium sulphate slowly with glenagitation
and allowed to stand for 24 hrs at 4°C. After theilébration , the precipitate was removed by céungation (5000
rpm at 4°C for 15 min).The obtained precipitate basn dissolved in 50ml of 0.2M sodium acetatedsyfiH (5.5)
to be dialyzed.

ii- Desalting by dialysis

According to Karthik et al [32], the precipitate svdesalted by dialysis by the following protocdlcin dialysis bag
was taken and activated by rinsing in distilled evaOne end of the dialysis bag is tightly tied dhe obtained
precipitate is placed into the bag. Then the o#imel of the dialysis bag is tightly tied to prevany leakage. After
that, dialysis bag has been suspended in a beakéaiging 0.2M sodium- acetate buffer (pH 5.5) émnove low
molecular weight substances and other ions thetfere with the enzyme activity.

iii -Gel filtration chromatography

The dialyzed enzyme fraction was further purifigdge! filteration chromatography [33]. It was loaden sephadex
G-100 column and eluted with 0.2M sodium- acetaiéfelb (pH 5.5) with the flow rate of 20 ml/hr. Tbtd0
fractions(each 5 ml) were subsequently collecteatlitmprotein content was measured by using spgettometer
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at2280. The fractions that have high absorbance280 were collected and evaluated for its PGaseigctiThe
fractions showing higher enzyme activity were attibel together for further characterization.

Enzyme characterization:

Effect of different pH values:

a-On enzyme activity

The enzyme PGase activity was determined in diffebaiffers using sodium acetate (pH 4.0, 5.0),9odditrate
(pH 6.0, 7.0), and sodium phosphate (pH 8.0).Thaive activities were based on the ratio of thiévég obtained
at certain pH to the maximum activity obtainedrattrange and expressed as percentage.

b- On enzyme stability

The pH stability of the enzyme was determined byosing the purified enzyme first at various pH eal{4 to 8)
using different pH buffer solutions as mentionedvwusly for 2 hours. Afterwards, aliquots of théxtmares were
taken to measure the residual polygalacturonaswitgac{%) with respect to control, under standarglsay
conditions.

Effect of different temperatures:

a-On enzyme activity

The optimum temperature was determined by incugagach reaction mixture at variable temperatur8s7(@C).
The relative activities (as percentages) were esgae as the ratio of the purified polygalacturonais@ined at
certain temperature to the maximum activity obtdiaethe given temperature range.

b-On enzyme stability
Thermal stability of the enzyme was investigatechimasuring the residual activity after incubatihg enzyme at
various temperatures ranging from 20 to 70°C forrl®.

Effect of different metal ions on the activity of polygal acturonase enzyme produced by P.citrinum.

For determination the influence of BEDTA, Cu? Zn'? Mg*, Ba?and Cd? on PGase activity. The listed ions
were added to the reaction mixture at concentra(ﬂmnM) Activity without added metal ions was takas 100%
activity.

RESULTSAND DISCUSSION

Screening of Polygalacturonase Producing Microorganisms:

Table (1) showed the values of polygalacturonswiacproduced by the tested fourteen fungal ssaifhe results
clearly showed thaP.citrinum was the best producer of polygalacturonase enayitiethe maximum value of
129.2U/gdfs, followed by,.brevi-compactunthat yield 123.2U/gdfs of enzyme activity. Thessuits confirmed
those of Fontana et al [34]. They concluded thathigh value of the enzyme could be due to presefhsabstrate
rich pectin that increases enzyme activity. Alsowefa-Torres et al [35] evidenced the productionP@ase by
Aspergillus, Fuasrium,Penicillium, Thermoascus, tirars species on various substrates during solid substrat
fermentation and submerged fermentation ,owingytirdiysis of pectin and pectin containing materialsfungal
growth. It was reported an increase in the levagleftinase production at pH 5.0, temperature 34h@d,inoculums
size of 1x18spores/ml [ 36].

Table (1).Screening of fungal strainsfor production of polygalacturonase enzyme

. Enzyme activity

F ungal strains (Units /gdfs®)
Aspergillus niger 1 86.2+ 2.2
Aspergillus niger 2 115.3 1.9
Aspergillus niger 3 92.31.1
Aspergillus niger 4 96.3t 1.05
Penicillium chrysogenum 121.4£1.14
Sclortium rolfsii 115.#1.9
Gliocladium virens 95. A 2.1
Pleurotos ostreatus 102.4: 2.1
Rhizoctonia solani 83.1+ 2
Alternaria alternata 86.2+ 2
Penicillium citrinum 129.2:2
Trichoderma veridi 62.1+2.1
Aspergillus oryzea 96.8 1.9
Penicillium brevi-compactun 123.2 2.2

*- gdfs: Units of pectinase per gram dry fermensebstrate
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Optimization of cultural conditionsusing full factorial design(Experimental statistical analysis design)

The experimental conditions and the results of emzyctivity are shown in Table2. In the presentigtithe
maximum value of PGase activity obtained was 138f$/gvhich was observed in the ™L4un with the specific
conditions of initial pH 5.5, incubation period &fdays, inoculums size (1.8xX1§pores/ml),N content (1.2%) and
temperature (30°C). To construct a first model dzat predict the PGase activity (dependent varjase function
of physical parameter (independent variables iredfubl content, temperature, pH, inoculums size acdhation
period). ANOVA analysis comprises classifying amtdss classifying statistical results and testingetivar the
means of specified classification differ signifitdginThis was carried by Fisher's statistical tést the analysis of
variance. The fisher's F-test showed a value oft 2v8ich is much greater than that of the tabuldtg@®.02) and
that demonstrates that the model terms are signifi€Table 3).

The model equation fitted by regression analysggvien by:

predicted= 78.55+8.19 N content+2.35 incubationgaerl2.25 inoculum size-2.11 pH+ 14.95 temperatQra8(N
content *incubation period) -7.42(N content *inagul size) -0.55 (incubation period*inoculum size).8&N
content *pH) +1.21(incubation period*pH) -3.61(inem size*pH)+1.74(N content*temperature)+0.67 (ination
period*temperature)+6.37(inoculum size*temperat@&@&p(pH*temperature).

The model determination coefficient ¥®.74) suggested that the fited model could erpl&é4% of the total
variation. This implies a satisfactory representati the process by the model. The coeffecientetémnination R
value always lies between 0 and 1.The closer theevaf R is to 1.0,the stronger the model and the better it
predicts the response (Fig 1).

Both the T-value and P-value statistical parameten® used to confirm the significance of factdrgled. The t-
value that measured how large the coefficient iselationship to its standard error. The P-valuthes chance of
getting a larger —t-value (in absolute value) barate alone. The larger the magnitude of the-t-vahdesmaller the
P-value, more significant is the corresponding ioieht [37].

Table (4) showed that inoculum size, N contenttengperature had significant positive effect on RGa®duction;
however, the interaction between them was not Bigmit. Conversely, pH and incubation period digpthnegative
effect. The results of the present study showet ttteamaximum production of PGase have been olutaimehe
inoculum size (1.8x10spores/ml)for SSF, but decrease with the incratiee inoculum size. This view of result is
supported by Ghanem et al [38] who concluded théhwm inocula density is an important considerafior SSF
process since over crowding of spores can inhiloivth and development. It is worth mentioned thighér inocula
levels besides increasing spores density, increaser content of the medium as well. Temperaturenis of the
critical parameter that might be controlled to thet optimum production of the enzyme. Our resudtsealed that
the optimum temperature that gave high polygalactase activity was 30°C .This is in agreement with
Kitpreechavanich [39] who evidenced that tempeetumsidered to be a significant controlling fadwmrenzyme
production. Patil and Dayanand [36] explained thyspointing out that temperature is known to inflae the
metabolic rate of the organism involved in the ss; and this determines the amount of end prodleotperature
in SSF is maintained at 30°C, as it cannot be pedgicontrolled. This could be due to due thatdssliate
fermentation has solid substances have limited th@asfer capacity.

140
120
100
Tl g

60

Enzyme
concentration Actual

40

20 — T T T
20 40 60 80 100 120 140
Enzyme concentration Predicted

P=0.025 RSq=0.74 RMSE=20.979

Fig 1.Plot of predicted ver susactual polygalacturonase production
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Our study clarify that (N content as yeast exjragert a significant positive effect on polygalacinase production
at 1.2% concentration. This could be attributedthtat yeast extract served as an inducer of exoyessi by
P.citrinum[40].

Table (2): Effect of the variables and their interactionsin the 2°factorial design on polygalacturonase production by P.citrinum under
solid state fer mentation.

Response(Enzyme productiofy) Factors

. ) .

Trials (Ulgdfs) N content(%)| Incubation period(days '”é;‘;g:/;‘;e pH Terr}gce:;ature
1 86.6 - " - - ;
2 103.7 ¥ " - - -
3 113.6 _ " - -
4 70.3 ¥ . " - -
5 100.8 - T - - -
6 111.5 ¥ " - - -
7 65.9 _ . - - -
8 119.4 n . - - -
9 60.9 B " " - -
10 735 ¥ " - - -
11 55.6 B . " - -
12 122.4 n . " - -
13 88.9 - " - n -
14 132.0 ¥ " - n -
15 81.9 _ . - - -
16 94.8 ¥ . - - -
17 58.2 _ T " - -
18 44.7 n " - - -
19 40.5 B . - - -
20 50.1 ¥ . " . -
21 62.1 B " - - -
22 78.4 ¥ " - . -
23 84.5 B . - - -
24 91.9 ¥ . - - -
25 64.0 N T " — -
26 38.7 ¥ " " - -
27 30.4 _ . " - -
28 33.1 ¥ . " - -
29 48.8 N T - - -
30 127.2 ¥ " - n -
31 68.6 B . - - -
32 97.8 ¥ . - - -

“Ulgdfs: unit/gram dry fermented substrate

Table3: ANOVA for PG production in solid state fermentation

Source | DF | Sumof Squares | Mean Square | F Ratio
Model | 15 18897.609 1259.84 2.8624
Error 15 6601.935 440.13 Prob>F

C. Total | 30 25499.544 0.0250*

Table (4): Regression coefficient for polygalacturonase activity under different physical parameters

Predictor Coef Std Error Coeff | t Ratio | Prob>|t|
Intercept 78.552734 3.822781 20.55 | <.0001*
Yeast extract(0.4,1) 8.1972656 3.822781 2.14 | 0.0488*
Incubation period(7,8) 2.3464844 3.822781 0.61 0.5485
Inoculm size(1.8,3.6) -12.25977 3.822781 -3.21 | 0.0059*
pH(5,5.5) -2.108984 3.822781 -0.55 0.5893
Temp(25,30) 14.958984 3.822781 3.91 | 0.0014*
Yeast extract*Incubation period -0.383984 3.822781 -0.10 0.9213
Yeast extract*Inoculm size -7.427734 3.822781 -1.94 0.0710
Incubation period*Inoculm sizg -0.553516 3.822781 -0.14 0.8868
Yeast extract*pH 5.8589844 3.822781 1.53 0.1462
Incubation period*pH 1.2097656 3.822781 0.32 0.7560
Inoculm size*pH -3.608984 3.822781 -0.94 0.3601
Yeast extract*Temp 1.7410156 3.822781 0.46 0.6553
Incubation period*Temp 0.6777344 3.822781 0.18 0.8617
Inoculm size*Temp 6.3714844 3.822781 1.67 0.1163
pH*Temp -2.652734 3.822781 -0.69 0.4983
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Effect of radiation

Data in Table (5) clearly indicated that gammadia#ion potentiate the productivity of the enzyrdts maximum
value (152.2U/gdfs) post exposure to 0.7kGy. Thibamcement of enzyme production might have beentaue
either, an increase in the gene copy number ofnipgovement in gene expression, or both [41, 42,43. A
gradual decrease in the enzyme activity after exoto the different doses of 1, 1.5 and 2 kGy wlaserved. The
complete inhibition of the enzyme activity obtainatl dose 2kGy. This could be explained by damage o
deterioration in the vitals of the microorganisnradiation causes rupturing in the cell membrargs.ajor injury
to the cell allows the extracellular fluids to ente to the cell.Inversely, it also allows leakaget of ions and
nutrients which the cell brought inside.Membranptute may result in the death of a cell and deereasthe
enzyme synthetic activity due to radiation exposi4’g]. El-Batal [46] evidenced that production oéqgtinases
increased by gamma irradiated interspecific hyboidaspergillus.spising agroindustrial wastes.

Table (5): Effect of different Radiation doses on polygalacturonase production by Penicillium citrinum

Radiation dose Enzyme activity

(kGy) (Ulgdfs)
Unirradiated (control) 132+1.9

0.1 137.822.%

0.2 142.2+1.8

0.5 1455+2 1

0.7 152.2+2.2

1 100.2+2.3
1.5 95.5+2¢

2.0 N.D"

*-gdfs: Units of pectinase per gram dry fermergebtstrate.
* Groups with different letters have significantween each other.
*Groups with same letters have non significant veiith other.
*N.D: not detected.

Enzyme purification

Polygalacturonase produced PBycitrinum was purified using ammonium sulfate precipitatidbmen underwent
dialysis and gel filtration. Results observed inblEa(6), indicate a decrease in total protein aotdl tactivity,
whereas specific activity increased. Ammonium satplprecipitation (salting out) is useful for contrating dilute
solutions of proteins. It is also useful for fractating a mixture of proteins, since large protéérsl to precipitate
at first while smaller ones will stay in solutioAfter protein precipitation and taken back in buffthe solution
contained a lot of residual ammonium sulfate whiets bound to the protein. One way to remove thieex salt,
that is the dialyses of protein. The pectinase emzwas purified from crude sample by ammonium salfa
fractionation and further dialysis was carried ollhe ammonium-dialysate fractionated sample, 75%wsd
purification fold of 1.2 and the yield of 13% asmonium sulfate precipitation serves as an interatedstep prior
to other chromatographic step used in the purificaid 7].

In contrast, elution profile of the crude enzymebjsated to gel filtration on sephadex G-100 column
chromatography showed purification fold of 1.6 aield of 0.78 % (Table 6).The obtained poor yiefcenzyme in
the present study may be explained on the findofgSharma et al [48]who reported that working wiitigh
concentrated protein solutions often leads to tfsgelds. Both enzyme activity at 540 nm and pirotsontent at
280 nm were determined for each fraction fig(2)e Ténzyme activity has been detected betweendbtdn No.16
to the fraction No.20, while fraction No.10 to tfraction No.13 had no enzyme activity suggestinguanber of
isoforms of PGase. According to Viniegra-GonzakQ] jvariation in the isoforms of extracellular enms obtained
by SSF can be attributed to alteration of the wptegential(g) that results in changes in the permeability ool
membranes, limitation of sugar transport and pmesesr absence of inducer. It is even reported peatinases
produced by the same microorganism have exhibitéfdreint molecular weights, degrees of glycosylatiand
specificities. These variations may be due to thst pransitional modification of a protein from iagle gene or
may be the products of different genes[ 50, 51].

Table(6):Purification of PGase secreted by P.citrinum

Purification step| Protein(mg) Total activity(U)  Sjfec activity(U/mg) | Purification| Yield(%)

Crude exract 1300 2500 1.9 1 100
(NH4)SO, 1000 2275 2.3 1.2 13

G-100 720 2192 3.0 1.6 0.78
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Fig.2.Gd filteration profile of polygalacturonase.

Enzyme characterization

Effect of pH on polygalacturonase activity and stability

The effect of pH on the polygalacturonase actiigtyresented in Fig 3. As it can be observed, tieyme was
active over a broad pH range, displaying over 6@%soactivity in the pH range of 4.0 up to7.0 wih optimum
pH of 6.0. Concerning to the PGase at pH 8, thegike activity decreased down up to 57%. This cdaddttributed
to Histidine residues that have ionizable sidefthaincreasing the net negative charge on the mieglén the
alkaline pH range and leading to repulsion betwibenstrands, resulting in a destabilization of lilydrogen-bond
structure of the enzyme[52].The optimum pH for P&a&s higher than the majority of fungal PGase ritssd,
and they are acidic enzymes as reported by Fawmied et al[49], meanwhil®.viridicatumshowed an optimum
pH 6.0 as mentioned by Silva et al [5Rlpniliella spshowed its maximum activity at pH 4.5 and at pH3.G for
Penicillium sp[53]. The maximum activity oMonascus spandAspergillus spfor exo-PGase was obtained at pH
5.5 [54]. The effect of pH on the structure andvitgt of polygalacturonase fromspergillus nigemwas described
by Jyothi et al [55]. They evidenced that the acttonformation of PGase was favored at pH betv@e®gmnd 4.5,
alterations in the secondary and tertiary strustuesulted in at pH (from 5.0 to 7.0). Comparing piesent results
for PGase fronf.citrinum, an important difference between these enzymelgasly shown.
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Fig (3): Effect of different pH values on the activity of the purified polygalacturonase enzyme produced by P.citrinum.

Stability of pH on enzyme incubated in suitablefeulystems for 2h at 30°C was also investigatetdhduhis
work. The results presented in table (4) revediatithe polygalacturonase enzyme was stable &t pH range
of pH 4up to7, retaining more than 66% of its attivPGase activity was more stable at pH 6.0. Hm@xethe
stability was significantly reduced to 58% at pHt8s reported that the inactivation process isnio to be faster at
high alkaline pHvalues due to disulfide exchangeictv usually occur at alkaline condition [56].
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Fig (4): Effect of different pH values on the stability of the purified polygalactur onase enzyme produced by P.citrinum.

Effect of temperature on polygalacturonase activity and stability

The results illustrated in (Fig.5) showed that #wtivity of P.citrinum polygalacturonase increased gradually at
temperature ranged from ZDup to 60C. Moreover the optimum temperature was achieveld & meanwhile the
relative activity was attained 49% at @0 This view is supported by Arotupin et al [57havreported a decline in
the enzyme activity with a temperature more thaiC4This clearly evidenced that the higher tempeeatasulted

in a decrease in the enzyme activity. Similar okezn had been reported by Palaniyappan et al [B8p,PGase
produced byAspergillus Flavus, Aspergillus fumigatasd Aspergillus repensxhibited maximum activity at 35°C,
40°C and 45°C respectively [59].These variationth@optimum temperature of fungi of PGase produsaggest a
broad range of temperature tolerable by the enzymeaddition, the nature, sources and differengceghie
physiological activities of the fungi may be respibite for these observations [60].
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Fig (5) :Effect of temperatureon the activity of the purified polygalactur onase enzyme produced by P.citrinum.

Thermostability is the ability of enzyme to toleratgainst thermal unfolding in the absence of satest [61]. The
thermostability of the purified polygalacturonasasadetermined by measuring the residual activitthefenzyme
after incubation at different ranges of temperat@C - 70°C)after 30 minutes. Fig 6 showed that, tedase in
temperature caused an overall increase in thelistalp to 60°C; rising temprature above 60°C cauaealecline in
thermostability. It is worth mentioned that the nmaxm stability of 100% was observed at 50°C. Santyi, the
optimum temperatures for PGaseAsfpergillus nigerand Penicillium dierckiiwere shown to be 50 and 60°C,
respectively [62]. However, the residual activigctined up to 58% at 70°C respectively.

A loss in PGase activity percentage obtained atC7fdom Aspergillus niger,Botryodiplodia theobromae and
Penicillium variabilewas reported by Oyede [63] and Ajayi et al[1@aniel et al [64] also reported the thermal
inactivation of enzymes at high temperature. It wegsorted that extremely high temperature leadetandnation,
hydrolysis of the peptide bonds, interchange, astrdction of disulphide bonds and oxidation of dingino acids
side chains of the enzyme protein molecules [65,64]
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Fig.6: Effect of temperature on the stability of the purified polygalactur onase enzyme produced by P.citrinum.

Effect of metal ions on polygalacturonase activity

The effect of metal ions were examined by addirigrides of C&% Co? and Md?; sulphates of C@, Zn"*,Cd" ;
EDTA and nitrate of B at concentration of 1mM to the buffer solutionsRls in Fig.7 revealed that the enzyme
activity was enhanced in the presence of Mand Zri?to 12% and 5% respectively, whereasQasulted in a
reduction in the enzyme activity by 12%. Salts sastBa (N@), CoCb.6H,O, CuSQ.5H,0 and EDTA inhibited
enzyme activity up to 50%. Jurick et al[66] repdrthat there was increase in PG enzyme activityatiging
magnesium and iron whereas a decrease in actieityrced when calcium and manganese were includebein
PGase assay. Also, Rasheedha et al [67] reporstdHilyCh, CoCL and CuSQ caused inhibition of pectinase
activity by P.chrysogenunup to 60%. Similarly BaGland EDTA resulted in the maximum inhibition of peases
activity up to 40% (Rasheedha et al [67]). Alsoe@y [63] reported the stimulatory role of’KNa? and Md? on
PGase activity fronPenicilliumvariabile, while concentrations of Gadeyond 15mM inhibited the enzyme activity.
This variation in degrees of stimulation and intids could be a function of the sources of enzymeenfdifferent
mould genera. Also, Murray et al [68] showed tinat formation of a chelate complex between the saesand the
metal ions could form a more stable metal-enzyniestsate complex and stabilizing the catalyticaliyivee protein
conformation. Added to this, that the metal ionsgalbcould not be activating directly, they could adirectly by
ensuring that the true activating metal ions comluinly with the active centre. Brown and Kelly [&flirmed the
ability of metal ions often acting as salt or iaidiges between two adjacent amino acids. Famuréwh 0] and
Sakamoto et al. [71] confirmed the inhibitory ait§ivof EDTA on enzyme. The metal building reageké IEDTA
can inactivate enzyme either by removing the migtaé from the enzyme forming coordination complexby
building inside enzyme as a ligand [72]
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Fig.7.Effect of metal ionson the activity of the purified polygalactur onase enzyme produced by P.citrinum.
CONCLUSION

From the above mentioned results, we can conclhdethe maximum polygalacturonase activity (152¢gifH)
obtained in solid state fermentation using thé fauttorial optimized conditions comprise: inculoatiperiod (8
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days), initial medium pH(5.5), temperature (30°@jcula size (1.8xI8pores/ml) , yeast extract N content (1.2%)
and gamma irradiation dose 0.7kGy .The highest Bvity was achieved at optimum conditions of temapere
(40°C) and pH (6.0). Also, we can conclude thatRKBase activity was stable at a broad range ofrpin # upto 8
and temperature (20°C -50°C).The metal ions a¥ Znd Md? stimulated the activity of polygalacturonase by
P.citrinumat 1mM, while EDTA had an inhibitory effect on taezyme activity.

An important aspect of this study is the possipitif application of gamma radiation in a manneintcrease the
enzyme production to its maximum value at a certiise of gamma irradiation above which the enzyotivity
gradually decrease.

The overall conclusion, we can evident that théfadtorial design can be a practical useful taol dptimizing the
reactive parameters for enhancing the activityeatimases.
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