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ABSTRACT

Cell immobilization offrichoderma harzianum NRC 12 on chitin by coval@ntling was effective for production of
hydrolytic ezymes endoglucanase (endo-GN; EC 3.2.land endopolymethylgalacturonase (endo-
PMG;EC3.2.1.15) using 60 g/l of olive mill waste sagstrate. Optimization conditions for free andnabilized
T.harzianum NRC 12 proved the use of immobilized Antifungal activity and green house experimenirhmo-
bilized T. harzianum NRC 12 was most effective frem

Key words: olive mill wastes, cell immobilization, antifunigactivity.

INTRODUCTION

In Egypt, the annual average production of oliv&83€.000 tones per year. About 80% of the totatipetion is

consumed as table olive and the residual (20%3esl fior oil production (Central administration farblic mobili-

zation and Statics, 2006).The production of olilegenerates three phases and two wastes: olive20%), solid

waste (30%) and aqueous liquor (50%).These olitewaistes are produced in significantly large qitae® during

short periods of time. Disposal of olive wastesrfrolive oil mills is already a major environmenisdue in several
olive growing countries in the world. Spreading iudid waste on farm lands causes enormous pallitiaghe land
and air [1].

Raw (untreated) olive mill waste (OMW) has broaécpum toxicity against bacteria and human cells filngi
[3], algae [4], plants [5 &6] and insects [7].

Endoglucanase and Endo-polygalacturonase both lygidrenzymes which considerable commercial vgboe-
duced by fungi and bacteria. Endoglucanase usttifood industry, for baking and fruit and vegétgtrocessing,
breakdown of agricultural waste, in the manufactfranimal feed, e.g., a monogastric animal feadhss a swine
or poultry (e.g., chicken) feed, in pulp and papesduction, textile manufacture, household, indaktleaning
agents. Endoglucanases are also important forigjestibn of cellulose, a beta- 1,4- linked glucaarfd in all plant
material. Endo-polygalacturonase hydrolyzes thedaglycosidic bonds of non-esterifies portions etiic sub-
strates, which are major components of plant callsy8] .

Cell immobilization emerged as an alternative fozyame immobilization [9, 10&11]. Immobilization @klls con-
taining specific enzymes has further advantageb ascelimination of long and expensive proceduoeshzymes
separation and purification and it is vital to exgdheir application by enabling easy separatiah furification of
products from reaction mixtures and efficient resxyvof catalyst [12&13]. In comparison with immdbéd en-
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zymes, immobilized cells provide new possibilit&ace they can be used as natural, water-insolcdmgers of

required enzyme activities [14]. In the case of tmenobilization of microbial cells, their field dcdipplication

spreads from industrial to environ-mental procééisroorganisms retained on a carrier can be usembitiinuous
and semi-continuous production processes allowongifynificant cost decrease, as the biocatalyss admt need to
be refilled [15, 16&17].This technique is basedtioa physical interaction between the microorgaraswh the carri-
er surfaces, while frequently reversible is simplegap and effective.

The aim of the present work was production of ehgtanase (endo-GN; EC 3.2.1.4.) and endopolymediedg
turonase (endo-PMG;EC3.2.1.15) from free and imiiesa TrichodermaharzianumNRC 12 under optimum con-
dition and the effectiveness in reducing percentdgefection of soil borne fungi under green hewsnditions.

MATERIALSAND METHODS

Microor ganism:

TrichodermaharzianumNRC 12 was collected from obtained culture colacunit of Plant Pathology Department,
National Research Centre, Dokki ,Cairo, Egypt. Ehle®agent proved high antagonistic effect agairide spec-
trum of plant pathogens in many previous workshatdamedepartment and was tested for their ability to pioed
hydrolytic enzymes.

Media and culture condition:

Dry olive mill residue was collected from olive ailanufacturer in EgypfTrichodermaharzianumNRC 12was
grown on Czapels Dox agar medium at 28 °C and stored at 4° C.clifteare media was composed of (g/l): NaNO
2.0, KHPQG,0.5, KCI 0.5, MgSQ®.7H,0 0.5, sucrose was replaced by 20 g/l of olive m#kte. Two discs (6 mm
in diameter) from 7 days old cultures were transfééto 250 ml Erlenmeyer conical flasks each coirgi 50 ml
fermentation medium. The inoculated flasks werailirated on a rotary incubator shaker at 180 r.pmT fdays at
(28-30° C). At the end of incubation period, cultsivere centrifuged at 8000 r.p.m. The cell frgmesuatant was
used as a crude hydrolytic enzyme for further aeiftestions of endoglucanase (endo-GN; EC 3.2.1rd) endo-
polymethylgalacturonase (endo-PMG; EC3.2.1.15)

Enzyme assay:
All hydrolytic enzymes were assayed according &] [ising carboxymethylcellulose for endoglucanasel¢-GN;
EC 3.2.1.4.) and citrus pectin for endopolymethigdgaronase (endo-PMG;EC3.2.1.15).

The reaction mixture contained 1 ml of 0.5 % swdistin 50 mM citrate phosphate buffer pH (4.8) v@t@ ml en-
zyme , incubate at 50° C for 30 min , then add @fDNS ,reducing sugar was measured at 540 nm.uDiteof
enzyme activity was defined as the amount of enzihmae converts one micromole of reducing sugarmigute
reaction under the described condition.

Cell immobilization :

Cell immobilization was carried out by the methdd\Woodward, 1988).Half gram of the carriers (natwsponge,
synthetic sponge, loaf, chitin, sawdust, foam) wiereulated with counted cells (175 x*18pores /ml) for 2 h.
Then added to Erlenmeyer flask containing 50 nthfamtation media then incubated for 7 days at 28c3@nd 200
r.p.m.

Antimicraobial activity of T. harzanum NRC 12 free and immobilized:

One ml ofT. harzianunNRC 12 free and immobilized were inoculated on Riddte in four wells inoculated with
the pathogenic fungiHusarium solani, Fusarium oxysporum ,Rhizoctoni@rsicand Sclerotium rolfsjiat the cen-
ter of the plate. Three replicates were used foh égeatment, the inoculated plate with only padrig fungi were
used as control. The tested plates were incubated flays at 28C. The percentage of inhibition zone and reduc-
tion was measured.

Deter mination of Aflatoxins (AFs) by HPLC:

Derivatization:

The derivatives of samples and standard were derelaw:100pul of trifluoroacetic acid (TFA) was @ed to sam-
ples and mixed well for 30 second and the mixttaad for 15 min. 900! of water: acetonitrile (%/%) were add-
ed and mixed well by vortex for 30 second and tlirdure was used for HPLC analysis. The HPLC systemsist-
ed of Waters Binary Pump Model 1525, a Model Wats80 Rheodyne manual injector, a Waters 2475 Multi
Wavelength Fluorescence Detector, and a data vadidstwith software Breeze 2. A phenomenexg (250 x 4.6
mm i.d.), 5um from Waters corporation (USA). Andgatic system with water: methanol: acetonitril®2420:40.
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The separation was performed at ambient temperatuaeflow rate of 1.0 ml/min. The injection volumas 20ul
for both standard solutions and sample extracts.flliorescence detector was operated at wavelef@&0 nm for
excision and 440 nm for emission. Samples wereguegbby incubating the media which contain dry elmill
residue with the tested fungukrichodermaharzianumNRC 12) free and immobilized [19].

Green house experiments:

Evaluation of bioagents which grown free or immizigitl was carried out in a sandy loam soil artifigisnfected
with pathogenic fungi. Inocula of pathogenic fumgire individually grown on autoclaved sand barllgdium (1:1,
v: v+40% water for two weeks at 26 [20]. Soil infested with different pathogens atter 5%w.w.and filled in plas-
tic pots (30cm. in diameter) and irrigated every fita one week before sowing.

The evaluated of .harzianumNRC 12free or immobilized as a seed soaking seeds oftoma. Castel Rock was
used in the present study was sterilized using 88tusn hypochlorite for 5 min., then picked up amddaied and
soaked in sticky suspensions (1 ml of Arabic gurd/é0spension) frori. harzianunNRC 12 free or immobilized

for one hr., then left for air dried. Soaked seesse sown as five seeds per pot, five pots peicapk in each
treatment. Another pots of soil infested with paghoic fungi only kept as control. The average afwgh stages
was recorded up to 15 and 60 days of sowing despectivelyPre-emergence (%) was based on the number of un-
emerged seeds in relation to the number of sowdsseehile post- emergence (%) was based on the euotb
plants showing disease symptoms in relation tontimber of emerged seedlings.

Statistical analysis:
Tukey test for multiple comparison among means wtiged [21].

RESULTSAND DISCUSSION

Different olive mill waste concentration:

Different concentrations of olive mill ranged frof@0-100) g/l were examined for their ability ofopuction of
hydrolytic enzymes .Results in Fig. (1) showed thakimum enzymes activity was at 60 g/l for botlayanes fol-
lowed by 40 g/l while 100g/I of olive mill wastesquluce lowest activity . This results was not caad with [22]
found that 25 g/l of olive mill wastes was the apiim for production of hydrolytic enzymes by saprghfungi.
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Fig.(1) : Effect of different olive mill waste concentration

Cell immobilization by covalent binding:

Results in Fig. (2) showed that while using diffgrearriers , chitin was the most suitable fordation of en-
doglucanase (endo-GN; EC 3.2.1.4.) and endopolwytugttacturonase (endo-PMG;EC3.2.1.15) produce (34.7
&33.9 U/ml respectively ) followed by prawn shedied Loafa cylinderica .Other carriers produce matdeto low
enzymes activityTrichoderma harzianulRC 12 was a good producer for hydrolytic enzyimgsell immobiliza-

tion using chitin as carrier .

Microorganisms retained on a carrier can be usgaaduction processes allowing for significant costrease, as
the biocatalyst does not need to be refilled [18118 . Inorganic carriers were selected to immaailimicroorgan-
isms because they can resist microbial degrad2®#&24].
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Fig. (2): Cell immobilization by covalent binding

Optimization of cell immobilization of T. harzianum NRC12

Different chitin concentrations:

Different chitin concentrations ranging from (0.285) g/l were tested for enzyme production. ResmltFig. (3)
showed that increase in chitin concentration leath¢rease in enzymes activities till reached 0,.3gf endoglu-
canase produce 34.7 U/ml and 33.9 U/ml for endagadécturonase then enzymes activities begin toedser, 2.0
g/l of chitin produce the lowest activities fortbenzymesT .harzianumwas affected by the concentration of chi-
tin as described by [25]. The highest enzyme prbdonavas obtained at 1.3 ehitin, while further increase in chi-
tin concentration reduceshzyme productiorfFilamentous growth of cell immobilization on posotarriers allowed
strong biomass retention [26].
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Fig. (3): Effect of different chitin concentrations

Effect of biomassloading (efficiency loading):

Half gram of chitin was mixed with different spatencentrations (59,89,175, 263,350,440) % 4ores / ml / g
chitin. Results in Fig. (4&5) indicated that thavas an increase in the enzymes activities witheasing cells load
up to (175 x 1&spores / ml/ g carrier), where by the maximal emeyield was attained 43.8 U/ml for endoglu-
canase and 38.2 U/ml for endopolygalacturonaseh&uincrease in spores led to a decrease in erwggtvities.
The lower inoculums size leads to insufficient ralial growth and enzyme synthesis while an incredseel of
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inoculums size causes rapid proliferation of mi@bbiomass and enzyme synthesis [27]. After a tstime, this
enzyme production becomes ceased due to the depldEtnutrients and too much biomass is formedthedmeta-
bolic activities of the microorganism drop off. $paoncentration of 1.5 x 1@vas optimum for cellulase produc-
tion by T. viride GIM 3.0010 using banana peel as a substrate iigh-stite fermentation [16]. Spore concentrations
of 10° and 16 per milliliter did not prove significant differess in cellulase activities byrichoderma longi-
brachiatum(GHL) [28].
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Fig. (4): Effect of biomass loading (efficiency loading) on enzyme activity on immobilized enzymes
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Fig. (5): Effect of biomass loading (efficiency loading) on enzyme activity on free enzymes

Different pH values

The effect of reaction pH on the activity of nativemobilized enzymes was investigated using @tgtosphate
buffer (3.5- 8.0).Results in Fig. (6&7) indicated that the optimum fdd immobilized cells was 6.5 for endoglu-
canase and 6.0 for endopolygalacturonase produ@&s®.6 U/ml respectively. While for free the aptim pH
was at 6.0 for endoglucanase and 6.5 for endoplalggaonase produce 29.7 &38.6 U/ml respectivetydase and
decrease of pH lead to decrease of enzyme actiltis results were in agreement with [29] whichared that
initial medium pH of 5 and 5-7 was optimum for CMfagproduction by immobilized cells @fichoderma harzi-
anum.
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Fig (7): Effect of different pH values on free enzymes

Antifungal activity of freeand immobilized T. harzanum NRC12 :

The data in Table (1) showed that the highest itdrip effect on the growth of all pathogenic furvgth T. harzi-
anum NRC12 immobilized on chitin followed by. harzianumNRC12 free and control. The reduction on the
growth of pathogens were 99.4% while treatment WittharzianumNRC12 free againsR. solani ,S .rolfsii, F.
solani and F. oxysporur(88.9,83.3,72.2 and 66.7) respectively. Organictenatmendments potentially increased
fungal association and hence might increase grawthyield of chickpea plants in the field [30].

Table (1): Effect of T. harzanum NRC 12 free and immobilized on thelinear growth of pathogenic fungi

T. harzanum NRC12
Test organisms | Control Free immobilized
L.G. | %R.|L.G.| %R.
F. oxysporum 90.0a | 30.0b| 66.7| 0.5f| 99.4
F. solani 90.0a | 25.0c| 72.2| 0.5f| 99.4
R. solani 90.0a | 10.0e| 88.9| 0.5f| 99.4
S. rolfsii 90.0a | 15.0d| 83.3| 0.5f| 99.4
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Figures with the same letters are not significnt 0.05).

Aflatoxins productions of free and immobilized cells:

Results in Table (2) showed that immobilizationToharzianumNRC12 on chitin led to in complete inhibition of
total aflatoxins (AFG1,AFB1, AFG2, AFB2)in compaginvith free cells sample which had detected aflatox
ins,0.229 (mg/ml).Olive waste proved to be richpwlyphenol compounds and could be used as low axdibte
natural antioxidants for protection against aflaogis in animal and human

Aflatoxin B1 (AFB1) was the most prevalent aflatoxisually found in cases of aflatoxicosis, and vesponsible
for acute toxicity, chronic toxicity, carcinogertigi teratogenicity, genotoxicity, hepatotoxcisitydsimmunotoxicity
[19].

Table (2): Comparison of aflatoxins productions of free and immobilized cells

Concentrations of aflatoxins (mg/ml)
Samples Total AFs(mg/ml)
AFG; AFB; AFG; AFB;

Immobilized cells| ND ND ND ND ND

Freecells ND ND 0.229 ND 0.229

Scanning Electron Microscopy:

Microscopic Photograph of adher&d harzianumNRC 200n one piece of chitin about (2 mm x 2 mm x 0.05ml)
loaded with fungal cells placed on a scanning sd&ctnicroscope sample holder and coated with gbie .gold-
Coated samples were viewed with electron microsdopedel Quanta FEG 250) .Photo (1) illustrate tttatin
pores in which fungal spore imbedded in , this geoprotect the spores from scattering during shakecess, con-
sequently much spore formation multiplication hadwred. Immobilization of microbial cells has rie®al increas-
ing interest in the field of waste treatment [31283The synergistic action of chitin resulted in chitiohitosan con-
taining fibrils that crystallized to form the mastructural mesh of the cell walls which could alsoinvolved in
deacetylation of chitin oligosaccharides duringosysis after action obn the cell wall [33]. The advantage of the
process based on immobilized biomass include emigungicrobial cell stability, allowing continuousqress oper-
ation and avoiding the biomass - liquid separatiequirement [34].

m
ter Quanta FEG250

Photo(1): Scanning electr on miccroscope of T. harzianum NRC 12 immobilized on chitin

Green house experiments:

The results of the greenhouse experiment whichieghpf T. harzianumNRC12 either free or immobilized caused
significant effect on root disease incidence ahlgybwn stages of tomato comparing with controlemwlapplied as
a seed soaking treatment. Data in Table (3) shaha&idthe treatment at pre-emergence WitharzianumNRC12
immobilized on chitin was the most effective treahthcompared with control ardharzianumNRC12 free. The
reduction was recorded as (70.0, 60.0, 50.0, ar@®0on chitin followed by .harzianumNRC12 free showed less
effect thanT. harzianumNRC12 immobilized on chitin (50.0, 50.0, 40.0, &@0%) which observed after 15 days
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(pre-emergency). At post-emergency treatment Wittarzianummobilized on chitin was the most effective which
recorded 100% in case Bfsolaniand R.solani , while recorded 80% in casd-afxysporumand S.rolfsi. OMW
significantly reduced the growth of important dmilrne plant pathogens &s oxysporuntf.sp. lycopersici, Pythium
spp.,S. sclerotiorumandV. dahliaaccording to [35&36]

Table (3): Influence of treatment with T.harzanum NRC12 free and immobilized on the per centage of aver age disease incidence of toma-
to plants (under greenhouse condition)

Pre-emer gence root diseases incidence (%)
Treatments
% PRE EMERGENCY | % Reduction | % Post EMERGENCY | % Reduction
F. oxysporum 36.0b 313a
F. oxysporum+A 20.0d 50.0 15.0b 40.0
F.oxysporunB 16.0d 60.0 95¢c 62.0
F. solani 48.0 a 154 a
F. solanitA 20.0d 50.0 50c 80.0
F .solanitD 120e 70.0 0.0d 100.0
R .solani 52.0a 250a
R. solant A 240c 40.0 10.0b 58.0
R. solan+ B 20.0d 50.0 0.0d 100.0
S. rolfsii 56.0 a 27.2a
S. rolfsii+ A 28.0c 30.0 11.1b 55.6
S. rolfsii+ B 20.0d 50.0 50c 80.0
Control 400a | 250a | @ -

Figures with the same letters are not significdh&(0.05).
N.B.: A: T. harzinum NRC12 free & B: T. harzinum NR@méhobilized. DI -disease incidence , R- reduction over control

CONCLUSION

Cell immobilization ofT. harzianumNRC 12 on chitin was most effective on hydrolyticzymes activity using
olive mill wastes as substrate.
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