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ABSTRACT

F-1,3-glucanase from Peanopacillus polymxa was tested against Pyricularia oryzae, the causels pathogen of blast
disese of rice. A glucan-producing P. polymxa, was purified and showed antagonistic activity to Pyricularia
oryzae . The minimum fungicidal concentration of 5-1,3-glucanase against Pyricularia oryzae, was determined to
be 250 ug/ml. Under greenhouse condations, A-1,3-glucanase at concentrations of 0, 250 and 500 xg/ml and
culture filtrate of P. polymxa remarkably reduced disease incidence by enhancing perioxdase and total phenols
defense. The activity of perioxdase and total phenols increased several folds by the elicitors. Field experiments
incidcated that rice seedlings treated with $-1,3-glucanase at 500 ug/ml and and culture filtrate of P. polymxa
significantly decreased blast development by 89.1% and 92.3%, respectively, compared to the untreated and
increase in rice grain yield. The obtained results suggest that the -1,3-glucanase from P. polymxa can be used as
an biofungicide for the purpose of enhancing plant immunity.
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INTRODUCTION

Rice Oryza sativa L.) is one of the world’s most important strategirops[1][ 2]. Rice blast causes between 11%
and 30% crop losses annually, this representssadb 157 million tonnes of rice [3] . Rice is amgothe most
important field crops in Egypt[4] [5]. It occupiebout 0.5 million h /year with 7.9 t/ha as a nadioaverage [4] .
However, rice blast caused Wyricularia oryzea Cav. is considered as the major constraint to Egypte
production [4][5][6]. Currently, the rice diseasa® controlled by the use of chemicals and retistaltivars[5][6].
However, the lack of durable resistance, the ex¢gteof pathogenic variability, and concerns regaydihemical
resistance have limited the potential of such agiat for the disease management [5][6]. So, enwiemnt friendly
and more effiency biofungicides are  needed fontrodling of the rice disease [7][8]. Many antaggtig
microorganisms are  potential to produce divens@fumgal compounds and enhane plant resistaneinstg
diseases [9][10]. Among the®eanopacillus polymxa know to produce glucans,which are of particulderist in
the context of biocontrol that exhibit succesdfigdcontrol effects not only by inhibiting fungal thagen growth,
but also by re-inforcing the host resistance paénthrough the induction of plant defense respense
[11][12][23][14][15]. Specifically,B-glucan, a glucose homopolymer, has shown high umimodulating effects
[16][17][18], thus promoting its utility in the faband pharmaceutical Industries. b-glucan-degtadimzymes are
produced by a wide variety of organisms. Even tlosgveral bacteria, includinBacillus spp. and others, are
reported to produce glucans [16][18] . Therefondndustry, glucans from microorganisms are widedgd.

The aim of this study was to investigate the rdla 8-1,3-glucanase obtained from againgtyricularia oryzae and
the ability to elicit rice- resistance to blagsahse.
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EXPERIMENTAL SECTION

Pyricularia oryzae wasoriginally isolated from diseased rice plants gnoiw El Kalubia governorate. Fungal
cultures were subcultured on Potato dextrose @JiaA) at 28°C for routine use and stored at 4°Gl wse. For the
preparation of pathogens inoculums, pathogen weuiated into an PDA plates and incubated at 28t fdays.
At that time, the cells on the surface of theglaere collected by washing with sterile H20 aitdteld to OD600
= 0.1 (approximately TOCFU/mI).

The antagonist bacteriurReanopacillus polymxa was isolated from health rice plant. The storagd asll
maintenance conditions was subcultured onto anlilue agar (per L; 20 g sucrose, 5 g yeast exttfcy agar,
0.05 g aniline blue, 3 g CaCO3) [19] for the ismlatof glucan producers. All bacteria were stored %% glycerol
stocks held at4°C for longterm preservation. Bacteria was adjusteti’ CFU/ml. Extraction and Purification of
B-glucane fromPeanopacillus polymxa. The seed cells were cultivated on nutrient b(ftiico,USA) at 30°C for
12 h. Ten milliliters of seed culture was inocuthteto 1 L of mineral salt medium (MSM; per L; 1.gKH2P0O4,
0.015 g CaCl2-2H20, 0.49 g K2HPO4, 0.01 g Mn@20, 3.7 g Na2S0O40H20, 0.21 g citrate, 0.25 g
MgCI2-6H20, 1.5 g NH4CI , 0.024 g FeCEH20) that was supplemented with 10% sucrose ast®oe source to
induce glucan production, and cultured at 30°C3fday with shaking at 180 rpm.

-1,3-Glucanase assay

Enzyme activity was measured by mixing 50 pl of gEnwith 100 pl of 50 mmolt acetate buffer (pH 5.0),
containing 0.25% laminarin (Sigma). The mixture wasubated at 40°C for 30 min and the reducing suga
produced was determined by the method describellibgr [20]. One unit (U) off-1,3-glucanase activity was
defined as the amount of enzyme that produced 1l pfreducing sugar mifunder the above conditions. Protein
concentration was determined by the method of Ld2ty, using bovine serum albumin as standard.

Enzyme purification

To separate the glucan produced Rypolymyxa, the culture broth was centrifuged at 5,000 rpm 6 min to
collect the culture supernatant. From the supenhatiae glucan was precipitated by incubating & 4ar 12 h after
adding 3 volumes of ice-cold ethanol. The pellepkered from the mixture by centrifugation was vekB times
with sterilized distilled water, and then lyophdit to obtain the crude glucan. The harvested cgldean was
dissolved in 0.1 M NacCl solution, loaded onto af&sfex G-100 column, and fractionated with 0.1 M NafCa
flow rate of 0.1 mL/min. The glucan content of edrdction was determined by measuring the totabalaydrate
content, using the phenolsulfuric acid method [2He glucan fractions having a high content of ohstlrate were
pooled and lyophilized to give the purified glucan.

Evaluation of the Antifungal Activity of-1,3-Glucanase and culture filtrate Béanopacillus polymxa against
pathogen was evaluated by the filter paper disthotkas previously described [22]. The assay wa®eed at
least in triplicates.

Estimation of Total Phenolics from seedlings of rie

The total phenolic content was determined as desdrby Mandal et al. [23] using Folin-Ciocalteaagent. The
reaction mixture contained 10Q0of methanolic extract of rice seedlings leaviesues and 200 sterile distilled
water with 500 of Folin-Ciocalteau reagent. Afterrbin, 800L of 20% sodium carbonate was added, and after 1
of incubation, the absorbance was measured ahi26/h a BioMate 3 spectrophotometer (Thermo Spaitro
USA). Standard curve was prepared with p-hydroxgbenacid in 50%v/v) methanol. The total phenolic content
was expressed as micrograms of p-hydroxybenzoitempiivalent/g FW of rice seedlings leaves tissues.

OD Activity Assay in seedlings of rice

Enzyme extraction steps were carried out at 4°@ fresh weight of rice seedlings leaves tissues avashed in
liquid nitrogen in presence ofdlpolyvinyl pyrophosphate and then extracted withl50f 200mM Tris-buffer (pH
8.0). The suspension was homogenized fmirl and then centrifuged at P00g for 20min. Peroxidase activity
was determined from the crude enzyme extract (sapent) after concentration through Amicon Ultr&CEU
membrane (Millipore, Bedford, USA) using an assgstam consisting of 28M guaiacol (0.31L), 0.1mM acetate
buffer (pH 5.0) (2.ImL), 40mM hydrogen peroxide (}0,) (0.2mL), and the enzyme extract (Or2) with a final
volume of 3mL (modified from Chance and Maehly [24]). Oxidatiof guaiacol was measured by the increase in
absorbance at 4#n. One unit of enzyme activity represented the arhof enzyme catalyzing the oxidation of
1 mol of guaiacol in Inin.

838



Wafaa M. Haggag J. Chem. Pharm. Res,, 2016, 8(7):837-843

Evaluation of the Biocontrol Effect of Peanopacillus polymxa —Induced Rice Disease Resistance

The rice variety, Sakha 101 was used in thisystlile rice seeds were germinated for 3 days ahiteonperature.
The seedlings were then planted in 15-cm-diameits gontaining sterile moist soil (clay: sand, 3iigped in 1/2-
diluted Hoagland micronutrients. The planted segdliwere kept in a greenhouse at 26 + 20C withlative
humidity of 80 + 5% for another 15 days. After th® days, the seedlings were challenged by inoculatiith
freshly prepared cell suspensions of pathogeme @ay after inoculation, the seedlings were unifgrsprayed
with a 1 ml volume of purified3-1,3-Glucanase ( 0.0, 250, and 500 pg/ml) or &erlH20 (as a pathogen
inoculation control) on the leaf surface of evesgdling. The seedlings were then returned to g@esehconditions
for disease development. At day 15 after pathodpatienge, the number of leaves exhibiting disegegtoms and
the lesion size (lesion length/leaf length) wereorded. For each treatment, 30 seedlings were aseldthe assay
was repeated at least three times in independeetriexents.

Natural Infection in the Field

Field experiments were condacted using Sakha 1lQivanito control of blast disease in Kalubiavgmorate.
Rice cultivar was sown in 5x5 m plots. A randordiz®mplete block design with five replicates focle&reatment
was used. Irrigation was carried out as recomnekn8eeds and seedlings were uniformly sprayed aithml
volume of purifiedp-1,3-Glucanase (500 pg/ml) or sterile H20 after dys of transplanting as previously
description. Disease incidence of leaves wassasdemonthly using the (0-9) scale of IRRI [25fcd®ws:

0) No lesions observed Highly resistant; 1 )aBrmrown specks of pinpoint size or larger broyecks without
sporulating center, Resistant; 2) Small roundisslightly elongated, necrotic gray spots, aboutri# in diameter,
with a distinct brown margin, Moderately resistar8) Lesion type is the same as in scale 2, bsigaificant
number of lesions are on the upper leaves; Modgrasistant; 4) Typical susceptible blast lesi8mam or longer,
infecting less than 4% of the leaf area, Moderaselyceptible; 5) Typical blast lesions infectin@@® of the leaf
area , Moderately susceptible; 6) Typical blasioles infection 11-25% of the leaf area , Suscegtifd) Typical
blast lesions infection 26-50% of the leaf areaisc®ptible; 8 ) Typical blast lesions infection B8% of the leaf
area and many leaves are dead; Highly suscep@ipMpre than 75% leaf area affected ; Highly sutibép

Mean number of spores /@mwere counted during growth periods using henmuogter. Resistant reaction was
based on no visible infecticamd no conidia produced from affected tissue. Su#ile reactiorwas based on a
lesion size greater than 3 cm in length, visibfection, and conidia evident in affected tissu@he intensity of
blast infection was measured for each plot by datmn of the Area Under the Disease Progress CUAUDPC)
using numerical integratioriThe largest length (L) and width (W) of each lesiwere measured and used to
calculate the lesion area (A); (A=0/28V). AUDPC is expressed as units of ‘percentage thein Data were
recorded per 10 plants, 20 days intervals on nauygleelected lines per replicat&t harvest stage, plant height and
grain dry weight were measured.

Statistical Analysis

The percentages of disease severity were transforimedore analysis of variance to improve homoggneft
variance. Analysis of variance was performed tdyaeathe transformed data. The completely randothinethod
Snedecor and Cochran [26], was used for analysiaridnce and LSD (0.05).

RESULTS AND DISCUSSION

Exo-B-1,3-glucanase asassy

We have purified $#-1,3-glucanase produced Bganopacillus polymxa , using two steps procedures: gel filtration
on Sephacryl S-100 and ion exchange chromatograph@-Sepharose. Gel filtration resulted in the s of
two peaks of proteins witfrglucanase activity, and the first peak was useduither purification of the enzyme on
a Q-Sepharose. The enzyme was purified 34.6-falld avrecovery of 9.4% (Table 1).

Table 1. Summary of the purification steps of the xo-B-1,3-glucanase produced biPeanopacillus polymxa

Step Total protein | Total activity | Specific activity | Purification | Yield

(mg) V) (Umg?) (fold) (%)
Crude enzyme 1.486 0.314 0.217 1 100
Sephacryl S-100 0.023 0.047 2.040 9.3 15.0
Q-Sepharose 0.003 0,030 7.648 34.6 9.4

Biocontrol Potential of B-1,3-glucanase fronPeanopacillus polymxa againstPyricularia oryzae
B-1,3-glucanase was purified frof polymxa and tested again8lyricularia oryzae at different concentratios by
using the paper disc method (Fig.Br1,3-glucanase showed highly antagonistic actitotyardsP. oryzae at low
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concentration 250pg/ml. For in vitro antagonism aniiture filtrate of P.polymxa toward pathogen exhibited
antifungal ability in bioassaysin compared with tevaas control.
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Fig. 1. Biocontrol Potential ofp-1,3-glucanase fromPeanopacillus polymxa againstPyricularia oryzae

Evaluation of the Biocontrol Effect of Peanopacillus polymxa —Induced Rice Disease Resistance

Bioassays for the elicitation of ISR in rice usiddferent concentrations ofp-1,3-glucanase produced By
polymxa was tested 15 days after leaves rice seedliegseni with the pathogdh oryzae (Fig. 2). The seedlings
treated with 100, 250, or 500 ug/ml pf1,3-glucanase were 18.03%, 12.56%, and 8.0%ec#sply. Foliar
symptoms of rice blast disease and the averagenlesi&ze was greater reduced by 89%. In controfllgsgs, the
symptoms on leaves of these rice seedlings weetectidd, indicating th&. oryzae is the virulent causal agent of
rice blast disease. The lesion sizes in untreatedral were significantly lower than those of thentrol rice
seedlings challenged with only the pathogen (Fig. These results indicated thftl,3-glucanase effectively
protects against rice disease cause®.lyyzae under the tested concentrations compared witluir@ufiltrate ofP.
polymxa .

In order to further understand the mechanisms Uyidgr the Total phenolic content (expressed as mg 4
hydroxybenzoic acid equivalent/g FW) amperoxidase (POD) activity (nkat/mg protein) trigggrby p-1,3-
glucanase in rice, experiments on the degree offéSPonse produced against infections of the pltstogen. Data
demonstrating the ability to trigger ISR via thénancening and fold increase of total phenolicdeon(expressed
as mg 4-hydroxybenzoic acid equivalent/g FW) patbxidase (POD) activity (nkat/mg protein) (Fig. 3

Effect of p-1,3-glucanase on blast disease of rice under fietdnditions

B-1,3-glucanase and culture filtrate fpolymxa were tested to study their effect on blast disaacidence of
rice plants under field conditions (Table 2). Natunfection in the field showed that thg-1,3-glucanase at 500
ug/ml effectively protects rice from blast dise caused y. oryzae which significantly reduced the severity of
blast spot disease, compared with culture filtit®.polymxa untreated controls during two growing seasons as
compared with untreated plants. Moderate effect el#ained with fungicide treatments which redutes blast
incidence more than 81 % during two growing seasons

At the same time, application ¢-1,3-glucanase at 500 ug/ml effectively increased growth and yield,

compared with culture filtrate dPeanopacillus polymxa and untreated controls during two growing seasas
compared with untreated plants (Table 3). Modesfect was obtained with fungicide treatments.
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Fig. 2. Evaluation of the biocontrol effect o§-1,3-glucanase fronPeanopacillus polymxainduced rice blast disease resistance
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Fig. 3. Total phenolic content (expressed as mg 44iroxybenzoic acid equivalent/g FW) and peroxidaséPOD) activity (nkat/mg protein)
on a time course after elicitation of the rice seégs -1,3-glucanase fromPeanopacillus polymxa againstPyricularia oryzae

Table 2. Area under disease progress curves (AUDPCJesion number and blast disease score of ricaltivar treated with g-1,3-
glucanase under natural field conditions after 9@ays of growth

Lesion Diseased Sporulation
Treatment AUDPC number/leaf (Socg;f leaf/cm
Season | Il | 1l | Il | 1l

B-1,3-glucanase 1.1 1.4 443 433 205 19 139 112
Culture filtrate ofPeanopacillus polymxa 1.8 19| 361 343 128 126 102 108
Fungicide 1.9 1.1 573 548 312 354 152 146
Untreated control 5.8 54 28l 22]4 6.7 6/09 5957.6
LSD 0.26]| 0.25| 0.94] 0.76¢ 0.6p 056 246 237

Analysis of variance was performed to analyze the transformed data. The completely randomized method Shedecor and Cochran (1972), was
used for analysis of variance and LSD (0.05).
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Table (3): Growth rate and yield of tested rice cuivar treated with p-1,3-glucanase under natural field conditions afér 90 days of

growth
Plant length | Plant weight | Yield/plant
Treatment (cm) ’ ) ’ (g/100(§J grain)
Season | Il | 1l | Il
B-1,3-glucanase 62.6 63.2 16J1 16.7 32.1 38.4
Culture filtrate ofPeanopacilluspolymxa | 65.1 | 66.8| 17.7] 17.§ 33.4 34.6
Fungicide 61.1] 63.5 15.7 15.9 2911 30}8
Untreated control 50.4 514 100 1113 221 23.8
LSD 1.18 | 1.09| 1.01] 0.9§ 1.04 0.9p

Analysis of variance was performed to analyze the transformed data. The completely randomized method Shedecor and Cochran (1972), was
used for analysis of variance and LSD (0.05).

In the present studyf3-1,3-glucanase was obtained from the culture s@tent of P. polymxa and displayed
concentration-dependent antifungicide, effects anlved in antagonism of fungal pathogen [ 16-1Bhe
inhibitory effect of P. polymxa on the virulence factors of pathogen is indictbatt its producer as a control agent
to control rice disease causedmyryzae .

Plant-induced resistance has been recognized asdis¢ attractive type of biocontrol agent for platisease
management in modern agriculture because it caudigie plants with long-lasting protection from ppagiens [10]
[11] [12]. Furthermore, the ability oP. polymxa to trigger rice-induced resistance to pathogemachttwas
investigated by assessing the expression of sewedbktudied metabolites related to rice defengairest pathogen
in rice seedlings treated with glucan during thegpession of pathogen infection[10-14]. Exo-b-glase is a key
positive regulator of perioxdase and total phenaolediated rice immunity, and its ectopic expressiorrice
conferred high levels of resistance to pathogeh Béveral types of these enzymes exist, classiftabrding to the
type of b-glucosidic linkage that they cleave ahd mechanism of substrate attack. They can hydrothe
substrate by two possible mechanisms, identifiedheyproducts of hydrolysisi)(exo-b-glucanase hydrolyze the
substrate by sequentially cleaving glucose residima the nonreducing end, aii)(endo-b-glucanases cleave b-
linkage at random sites along the polysaccharidéncheleasing smaller oligosaccharides. Degradatfd-glucan
by fungi is often accomplished by the synergistitian of both endo- and exo-b-glucanases [23].

In the present study, applying glucan to rice Begs significantly reduced the incidence and siyearf disease
caused byP. oryzae when compared with that of rice seedlings onlgllemged by the pathogen . This result was
consistent with the fact th& polymxa possesses multilayered biocontrol-related tragsjescried above. However,
the present disease suppression test was perfasnigcbn a small scale and under indoor controlledditions.
Paenibacillus polymyxa is a plant growth-promoting rhizobacterium (PGRB)nmonly found in the rhizospheres of
various plant species [11-13] and have demonstrédte beneficial effects plant growth [11] [12]uch
improvements in ¢ crop yield were adopted to ineolmany characteristics &. polymyxa, including nitrogen
fixation, plant-disease suppression, soil phospimsolubilization, increase in soil porosity, ahd production of
antibiotics, hydrolytic enzymes, and phytohormones.

In conclusion,f-1,3-glucanase fror®. polymxa not only strongly inhibited the growth of pathogeut also was
capable of protecting rice agaisbryzae -induced disease by re-inforcing perioxdase atal phenolsdefense to
the pathogen.These results highlight the potenfidP. polymxa and its producer as biofungicide to control rice
diseases caused Byoryzae .
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