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Abstract: The biochemical changes induced in tomato Lycopersicon esculentum , Mill., cultivars (cvs) in

response to Fusarium oxysporum  infection have been investigated. Purification and characterization of the

predominant â-1,3-glucanase isoenzyme (GII) have been estimated. The sequential development of

peroxidase (PO) and â-1,3-glucanase in tomato roots of resistant (GS-12) and susceptible (Castle rock)

cvs at different times of post inoculation with the fungus F. oxysporum  revealed the induction of PO and

â-1,3-glucanase activities in F. oxysporum-infected tomato roots of resistant cv. over their uninfected check

and maximal induction was estimated at 6 and 12 day after inoculation (DAI) with 3.1- and 4.2-fold

increase over uninfected controls, respectively. Two isoenzymes of POs were induced in tomato roots of

resistant cv. at the sixth and maintain till the ninth DAI. The results support the hypothesis that such

enzymes have a role in defense mechanism of tomato against F. oxysporum infection. Such differences

could be utilized as fast biochemical markers for screening tomato cvs for F. oxysporum

resistance/susceptibility at the early stage of plant development. A major isoform of â-1,3-glucanase (GII)

as a marker has been purified from 12-day-old-of F. oxysporum-infected tomato roots of resistant cv. by

acetone precipitation, anion exchange and cation exchange chromatography. The enzyme has a specific

activity of 315 units/mg protein, optimum pH at 5.5 and optimum temperature for activity and stability

at 40 C. Except for Ni , Hg  and Mg , all metal cations have stimulatory effect. The enzyme has higho 2+ 2+ 2+

ability to hydrolyze laminarin, barley-â-glucan and curdlan. Significance of this enzyme in tomato-

Fusarium  wilt interaction has been discussed and its biochemical properties were compared with those

reported for different plant species intact or infected with different microbial pathogens.
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INTRODUCTION

It is well accepted that agriculture production must

be increased considerably in the foreseeable future to

meet the food and feed demands of a rising human

population. Tomato, Lycopersicon esculentum , Mill., is

one of the most popular and widely consumed

vegetables all over the world. Its yield is drastically

reduced  by  fungal  diseases. Fusarium  wilt, caused

by  Fusarium  oxysporum f. sp. lycopersici, is a

serious problem for tomato production in many areas

which can cause yield reduction of up to 25% .[43 ,13 ,15]

This pathogen enters tomato through the roots and

causes yellowing of the oldest leaves, often on only

one side of the plant. The yellowed leaves gradually

wilt and die and the infected plants can be severely

stunted. Agrochemicals are commonly used to control

this pathogen, but are relatively expensive and

subjected to various environmental constraints. The use

of tomato resistant cultivars is one of the most

practical and cost efficient strategies for managing

tomato wilt disease . Plants have developed an arsenal[1 5 ]

of defense mechanisms to protect themselves against

pathogen attacks. These include synthesis of

pathogenesis-related (PR) proteins and phytoalexins,

accumulation of reactive oxygen species (ROS), rapid

alterations in cell walls and enhanced activity of

various defense-related enzymes . Plant[1 9 ,3 ,6 ,4 8 ,5 1 ]

peroxidases (POs) have been implicated in a variety of

defense-related processes, including the hypersensitive

response, lignification, cross-linking of phenolics and

glyco p ro te in s ,  su b e r iz a t io n  a nd  phytoa lex in

production . Close relationships have been found[50]

between enhanced levels of POs and resistance of

plants upon infection with pathogens . Differences[4 ,8 ,3 ,36]

in PO levels have been used as a biochemical marker

for preliminary selection of different plant species

resistant to different pathogens . Furthermore,[30 ,35 ,36]

Lebeda and Dolezal  reported that PO zymograms[28]

should offer a quick and reliable method for
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discriminating specific cucumber genotypes with high

levels of field resistance against cucumber downy

mildew Pseudoperonospora cubensis. â-1,3-Glucanases

are one group of pathogenesis-related (PR) enzymes

and the enhancement of such enzymes in different

plant species in response to microbial pathogens

infection has been estimated . â-1,3-Glucanases[26 ,14 ,47 ,21 ,52]

have been proposed to serve as antifungal properties by

their ability to degrade isolated fungal cell walls and to

inhibit growth of fungi in vitro . A correlation[26]

between resistance and accumulation of â-1,3-

glucanases in response to pathogen attacks has been

recorded . Karasuda et al.  have used the[14 ,46 ,21 ,52] [22]

partially purified â-1,3-glucanase from sweet potato as

a biocontrol agent instead of chemical fungicides for

controlling the powdery mildew infecting strawberries

and leaves.

The main objectives of this study are to

demonstrate the biochemical changes induced in

tomato, Lycopersicon esculentum, in response to F.

oxysporum  f.sp. lycopersici infection and purification

and characterization of an isoenzyme of â-1,3-

glucanase. Elucidation the physiological roles of

induced enzymes in Fusarium  wilt disease resistance,

will greatly facilitate plant breeding and genetic

engineering  efforts.  Purification and characterization

of  the  predominant  isoform of â-1,3-glucanase will

be  carried  out  and  its biochemical properties will

be compared with those previously reported for

different  plant  species intact or infected with

microbial pathogens.  

MATERIALS AND METHODS

Plant M aterial: Seeds of tomato L. esculentum  Mill.

cultivars GS-12 and Castle rock resistant and

susceptible to F. oxysporum  f.sp. lycopersici infection,

respectively according to Khalil  were obtained from[23]

Agriculture Research Centre, Giza, Egypt.

F. oxysporum  f.sp. lycopersici Inoculum: A pathogen

isolate of F. oxysporum  f.sp. lycopersici was kindly

provided by Dr. Eman S. Farrag, Plant Pathology

Department, Faculty of Agriculture, South Valley

University, Quena, Egypt. Three-week-old culture of

the fungal grown on Potato-Dextrose Agar (PDA) were

macerated in distilled water and used as the inoculum.

Growth and Seedling Infection for Tomato: Tomato

seeds were surface sterilized for 5 min with 0.01 %

(w/v) sodium hypochlorite solution followed by

washing several times with distilled water. The surface-

sterilized tomato seeds were sown in 15-cm diameter

earthen pots, each containing 1Kg of sterilized sand

loamy soil. Pots were arranged on greenhouse benches

in a randomized block design at 30±1 C. After 15 dayso

from seedling emergence, plants were reduced to one

for each pot. Agricultural practices were carried out as

required. Seven days later, half of the pots were

inoculated separately with F. oxysporum  f.sp.

lycopersici by adding 10 ml of a conidial suspension

2(3x10  spores/ml H O) according to Krebs and5

Grumet  to each tomato seedling. Their corresponding[26]

disinfected ones served as control. 

Uninfected and F. oxysporum-infected tomato

seedlings of the resistant and susceptible cvs. were

harvested before and 3, 6,9,12 and15 days after

inoculation (DAI). They are washed thoroughly in

running tap water to remove any adhering sand debris

and then by distilled water. Roots were separated from

the shoots (3-5 cm of terminal root), blotted, weighed

and stored in -80 C until used for protein extractiono

and analysis. The experiment was carried out five times

independently in the same conditions.

Preparation of Crude Extract: Samples of the tomato

roots were ground individually in liquid nitrogen in an

ice-chilled mortar. The resulting powders were

homogenized in cold 50 mM potassium phosphate

buffer, pH 6.5 with acid-washed sands using a mortar

with cooling. The homogenates were filtered through

four layers of gauze and centrifuged at 5 C for 10 mino

at 10,000 X g. The supernatants were designated as

enzyme crude extracts stored at -20 C until analyzed.o

Enzyme assays

Peroxidase Assay: Peroxidase activity was determined

spectrophotometrically by measuring the increase in

absorbance at 470 nm due to oxidation of guaiacol

according to Lee . The assay reaction mixture[31]

contained in 1.5 ml: 100 mM sodium phosphate buffer,

2 2pH 6.5, 30 mM guaicol, 4 mM H O  and enzyme

crude extract. One unit of enzyme activity was defined

as the amount of enzyme that causes a change of 1.0

O.D. per min under standard assay conditions. 

â-1,3-Glucanase Assay: Total â-1,3-glucanase activity

was assayed colorimetrically using the laminarin-

dinitrosalicylic method according to Abeles and

Forrence  and modified by Ji and Kuc . The reaction[1] [17]

mixtures contained in 1.0 ml: 5 mg laminarin, 100 mM

sodium acetate buffer, pH 5.5 and appropriate

concentration of enzyme crude extract. The reaction

mixtures were incubated for 1 h at 37 C, 0.5 ml ofo

dinitrosalicylic reagent that is prepared according to

Fischer and Kohtes  was added followed by heating.[12]

The absorbance of the resulting colored solutions was

recorded at 560 nm. One unit of enzyme activity was

defined as the amount of enzyme that produced 1 ìmol

reducing sugar per h under standard assay conditions.
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Protein was determined either by measuring the

absorbance at 280 and 260 nm  or by the method of[49]

Bradford  using bovine serum albumin as a standard.[7]

The specific activity was expressed in units/ mg

protein.

Sodium Dodecylsulfate - Polyacrylamide Gel

electrophoresis (SDS-PAGE): The PO isoenzymes

were separated by SDS-PAGE under non-denaturing

and non-reducing conditions essentially as described by

Laemmli . Crude extracts (100-150 µg protein) were[27]

loaded onto 7.5% (w/v) acrylamide slab gels. Upon

completion of electrophoresis, gels were stained for PO

detection. 

Detection of PO Isoenzymes: The isoenzymes of PO

were detected on the gel using guaiacol as chromogen

a c co r d ing  to  N o el  and  M cC lure .  A f te r[ 3 8 ]

electrophoresis, the gels were immersed in 50 mM

2 2acetate buffer, pH 5.5 containing 250 mM H O  and 2

mM guaiacol (freshly prepared). The gels were

photographed immediately after developing of the

bands.

Purification of â-1,3-glucanase: Unless otherwise

stated all steps were performed at 4-7 C.o

Preparation of Crude Extract: Crude extract of â-1,3-

glucanase was prepared by homogenizing 20 g of 12-

day-old-F. oxysporum - infected tomato roots of

resistant cv., GS-12 as previously described. The

supernatant was designated as enzyme crude extract

and stored at -20 C until used for purification.o

Acetone Precipitation: Five volumes of cold acetone

(–20 C) were added slowly to the enzyme crude extracto

for 30 min with continuous stirring and cooling

according to Ji and Kuc . The mixture was allowed[17]

to stand for 3 h at –20 C and the precipitate waso

collected by centrifugation. The precipitate was

dissolved in 20 mM potassium phosphate buffer, pH

7.5 and dialyzed overnight against the same buffer.

DEAE-cellulose Chromatography: The dialyzed

acetone fraction was applied directly to a DEAE-

cellulose column (15 x 1.6 cm i.d.) previously

equilibrated with 20 mM potassium phosphate buffer,

pH 7.5. The adsorbed material was eluted with a

stepwise gradient NaCl ranging from 0.0 to 0.4 M

NaCl prepared in the same buffer at a flow rate of 60

ml/h and 5 ml fractions were collected. Unbound

protein fractions exhibiting â-1,3-glucanase were pooled

and  dialyzed against 20 mM sodium acetate buffer,

pH 5.6. 

Cellulose Phosphate Chromatography: The dialyzed

DEAE-cellulose fraction was applied on the top of

cellulose phosphate column (10 x 1.6 cm i.d.)

previously equilibrated with 20 mM sodium acetate

buffer, pH 5.6. The adsorbed material was eluted with

a stepwise gradient NaCl ranging from 0.0 to 0.4 M

prepared in the same buffer at a flow rate of 60 ml/h

and 5 ml fractions were collected. Protein fractions

exhibiting the major â-1,3-glucanase activity were

pooled and saved at –20 C until used for enzymeo

characterization. 

 

RESULTS AND DISCUSSION

Time-course of F. oxysporum  Infection on Po

Activity: The induction of PO activity has been

repeatedly reported in several plant species in response

to pathogen infection . In the present study, the[4 ,8 ,32 ,3 ,36 ,6]

time course of F. oxysporum  infection on PO activity

revealed the induction of PO in F. oxysporum-infected

tomato roots of resistant cv. "GS-12" over uninfected

controls (Fig. 1).  The highest induction was recorded

at the sixth and maintained till the ninth day after

inoculation (DAI) where 3.1- fold increase over

uninfected counterparts was observed. However, no

substantial increase in enzyme activity was observed in

the susceptible cv. "Castle rock" allover the days of

infection. 

The enhancement of PO in tomato roots of

resistant cv. upon F. oxysporum infection herein was in

agreement with that reported for resistant cvs of

muskmelon Cucumis melo upon infection with

Pseudoperonospora cubensis , in sugarcane upon[4 2 ]

Colletotrichum falcatum  invasion , in pigeonpea[45]

infected with sterility mosaic disease , Cucumis sativus[5]

upon inoculation with cucumber downy mildew P.

cubensis , green bean, Phaseolus vulgaris, upon[28 ,30]

infection with Uromyces appendiculatus , in roots of[4 4 ]

Asparagus densiflorus in response to F. oxysporum

infection  and in roots of Tamarix aphylla infected[9 ]

with 8 different species of Arbuscular maycorrhizal[39 ]

where a positive correlation between the enhancement

of PO activity and the degree of plant resistance

towards  the  pathogen  was  recorded.  Bestwick  et

al.   recorded  an increase of 9-fold in leaves of[4]

lettuce Lactuca sativa  upon inoculation with

Pseudomonas syringae. 

Defense  roles have been suggested for the

changes  of POs in plant tissue in response to

microbial pathogens invasion . In a resistant[4 ,30 ,6]

response, enhanced production of lignin and suberin

may hinder plant  cell  wall degradation by microbial

enzymes. The phenoxy radicals themselves as well as

the  activated  oxygen  species  that  are involved in



Res. J. Agric. & Biol. Sci., 3(6): 939-949, 2007

942

Fig. 1: Time-course of F. oxysporum  infection on

peroxidase activity of infected (x) and

uninfected (•) tomato roots of resistant (- - -)

and susceptible (&) cvs, at different time of

postinoculation. Values are the mean of five

separate experiments ± S.E. 

peroxidase catalyzed reaction have potent antimicrobial

activity. Recently, Bindschedler et al.  reported that[6]

2 2POs play a significant role in generating H O  during

the Arabidopsis defense response and in conferring

resistance to a wide range of pathogens. Therefore, it

can be suggested that the enhancement of PO activity

levels in F. oxysporum-infected tomato roots of

resistant cv., GS-12, herein has a potential to contribute

to plant resistant.

The Isoenzyme Pattern of Pos: The isoenzyme pattern

of PO activities extracted from tomato roots of resistant

cv., GS-12, during the time course of F. oxysporum

infection revealed the induction of two fast PO

isoenzymes with Rf 0.53 and 0.57 in tomato plants

inoculated with the fungus F. oxysporum  at 6 DAI and

maintained till the ninth DAI (Fig. 2A). Furthermore,

an increase in intensity of the isoenzymes with Rf

0.16, 0.27 and 0.36 was observed in infected tomato

roots than in control. However, no obvious differences

with respect to the number and intensity of the

isoenzyme bands could be detected between intact and

F. oxysporum-infected tomato root of susceptible cv.

Castle rock at 6 DAI (Fig. 2B). Similarly, two new PO

isoenzymes were induced in resistant cvs of germinated

wheat seeds  and an isoenzyme in cowpea leaves[8] [11]

upon infection with F. culmorum  and Uromyces vignae,

respectively.

The  usage  of  PO levels as a marker of

resistance in  tomato  seedlings against bacterial canker

caused by  Clavibacter michiganensis has been

estimated . The PO zymograms and enzyme content[3]

have been also used as quick and reliable methods for

discriminating specific Cucurbita pepo genotypes with

high levels of field resistance against powdery mildew

of cucurbits , Cucumis sativus against cucumber[29 ,30]

downy mildew  and soybean to yellow mosaic[28]

disease . Therefore, we can suggest that total activity[33]

of POs and their isoenzyme patterns might serve as

selection criterions for field resistance of tomato to F.

oxysporum .  

Time-course of F. oxysporum  Infection on â-1, 3-

Glucanase Activity: Plants respond to the presence of

microbial pathogens by de novo synthesis of certain

proteins often referred to as pathogenesis-related (PR)

proteins. â-1,3-Glucanases are one group of the PR

proteins. The induction of such enzymes occurs in

different plant species in response to fungal

attacks . The current study monitored the[26,14,47,21,5 2 ]

variations of â-1,3-glucanases in tomato roots of

resistant and susceptible cvs at different time of post-

inoculation with F. oxysporum . The results showed that

â-1,3-glucanase markedly induced in F. oxysporum-

infected tomato roots of resistant cv. GS-12 over their

uninfected counterparts starting 3 DAI till the 12 DAI 

followed by a decline in the enzymatic activity at 15

DAI. While, it is slightly induced in such roots of

susceptible cv., Castle rock (Fig. 3). The maximum

fold increase in infected tomato roots of resistant and

susceptible cvs was found to be 4.2- and 1.4-fold

respectively at 12 DAI. Similarly, â-1,3-glucanase has 

been induced in resistant cv. of celery, Apium

graveolens, infected with F. oxysporum  and[26]

chickpea, Cicer arietinum , upon infection with the

fungal pathogen Ascochyta rabiei  with 2.0- and 5.5-[14]

fold increase over control, respectively.

A correlation between resistance and accumulation

of such enzyme has been reported. â-1,3-Glucanase has

been stimulated higher in resistant cvs than susceptible

one in pea , Wheat  and Brassica juncea[41] [47] [21]

following inoculation with Albugo candida, in

cucumber seedlings  infected with the fungus[52]

Cladosporium cucumber, and in rose in response to

infection by Diplocapon rosae . Furthermore, Baysal[46]

et al.  have used the alterations in the activity of such[3]

enzyme as a molecular marker of resistance in tomato

seedlings against bacterial canker caused by

Clavibacter michiganesis.

From these results, we can conclude that the higher

induction of â-1,3-glucanase in resistant cv., GS-12,

than susceptible one, Castle rock, is suggestive of its

role  in  disease  resistance against F. oxysporum .

Kang  and  Buchenouer   reported  that such[2 0 ]

enzymes are believed to have a role in defense against

invading fungal  pathogen  because of their potential to
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Table 1: Purification Scheme for â-1,3-glucanase from F. oxysporum -infected tomato roots of resistant cv. GS-12.

Step Total activity Total protein Specific activity Fold Recovery

(Units)* (mg) (Units/mg protein) purification (100%)

Crude extract 798 15.2 52.5 1.0 100

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Acetone precipitate 722 12.6 60.2 1.15 90.5

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DEAE-Cellulose 640 8 80 1.52 80.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cellulose phosphate

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.1M  NaCl (GI) 62 2.3 27 0.51 7.8

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.2M  NaCl (GII) 378 1.2 315 6.0 47.4

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.3M  NaCl (GIII) 17 0.1 170 3.2 2.13

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.4M  NaCl (GIV) 12.6 0.2 63 1.2 1.58

*Unit of enzyme activity was defined as the amount of enzym e that is produce 1 µmol reducing sugar per h under standard assay conditions.

Fig. 2: (A) Isoenzyme pattern of peroxidase activities during time course of F. oxysporum  infection in tomato

roots of resistant cv. GS-12, (B) and in resistant and susceptible, GS-12 and Castle rock at 6 day
postinoculation  respectively. Uninfected (U) and infected (I).

hydrolyze fungal cell wall polysaccharides, â-1,3-

glucan. This assumption could be confirmed by
examining the ability of the purified major isoenzyme

of tomato â-1,3-glucanase to hydrolyze the isolated cell
walls of F. oxysporum .

Purification of â-1, 3-glucanase: Table (1)

summarized the purification of tomato â-1,3-glucanase
which has been restricted to the 12-day-old of F.

oxysporum-infected tomato roots of resistant cv. GS-12
that have the highest enzyme content. Acetone

precipitation increased the specific activity to 60.2
units/mg protein. On DEAE-cellulose chromatography,

the enzyme was eluted as unbound protein fraction
(Fig. 4). 

On chromatography of the unbound DEAE-
cellulose fraction on cellulose phosphate column, one

major isoenzyme in addition to three minor isoenzymes
are separated (Fig.5). The specific activity of the

predominant purified tomato â-1,3-glucanase isoenzyme

(GII)   was 315 units/mg proteins  with fold

purification 6. A major isoenzyme of â-1,3-glucanase
has been also purified from barley Horedeum

vulgare , cucumber infected with Colletotricum[25]

langenarium  and rice, Oryza sativa .  While, two[17] [2]

isoenzymes purified from pea Pisum sativum infected
with F. solani .[34]

Characterization of Tomato â-1,3-glucanase GII:

pH Optimum: Like many other plant's â-1,3-
glucanases,  tomato  â-1,3-glucanase  GII is most

active at low pH with an optimum pH at 5.5 (Fig. 6).
This result indicates that such enzyme is an acidic â-

1,3-glucanase. Similar results have been recorded for
purified enzymes from mature and F. solani-infected

pea pods , Ascochyta rabiei-infected chickpea .[34] [14]

While  the  pH  optimum of tomato â-1,3-glucanase

GII is higher by 0.5 and 1.0 than that recorded for
barley (5.0)  and banana fruit (pH 4.5)  â-1,3-[25] [40]

glucanases, respectively.
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Fig. 3: Time-course of F. oxysporum  infection on

â-1,3-glucanase activity infected (x) and

uninfected (•) tomato roots of resistant (- - -)

and susceptible (&) cvs, at different time of

postinoculation. Values are the mean of five

separate experiments +S.E.

Table 2: Effect of m etal cations on the activity of tomato â-1, 3-

glucanase GII.

Cations Relative activity (%)

None 100%

Ba 149%2+

Ca 185%2+

Co 101%2+

Cu 198%2+

Fe 115.8%3+

Hg 16%2+

M g 94%2+

M n 135%2+

Ni 74%2+

Zn 105%2+

Enzyme was pre-incubated for 15 min at room

temperature with 10 mM of listed cations as final

concentration prior to substrate addition. Activity

without added metal cations was taken as 100 %. 

Metal Cations: The effect of metal cations on the

activity of tomato â-1,3-glucanase GII showed that

except for Hg , Ni  and Mg , most of the metal2+ 2+ 2+

cations had stimulatory effect ranged from 5 to 98%

(Table 2). 

The  potent  inhibitory  effect  of  Hg   (84%)2+

on  tomato  â-1,3-glucanase  GII was in agreement

with  that  recorded  for purified enzymes from

resistant cvs of pearl millet infected with downy

mildew  pathogen  Sclerospora  graminicola ,  and[24]

B.  juncea  infected  with A. candida . Although,[21]

Mn   has  stimulatory effect on tomato â-1,3-2+

glucanase GII (35%), it has an inhibitory effect on

such enzyme of A. candida-infected B. juncea (91%) .[21]

While, Fe  slightly stimulate (15.8 %) tomato â-1,3-3+

glucanase GII herein, it inhibit pearl millet â-1,3-

glucanase by 67% [24]. 

Optimum Temperature for the Activity and Stability

of Tomato â-1,3-glucanase GII: The effect of

temperature on tomato â-1,3-glucanase GII activity

revealed that the enzyme activity increased by

increasing the temperature from 20 to 40°C. From

40°C onwards, the activity gradually decreased till

80°C  where  83%  of enzymatic activity was lost

(Fig. 7 A). The optimum temperature for the enzyme

activity of tomato â-1,3-glucanase GII is 40°C. It is

less by 10°C than that recorded for resistant cvs of

pearl millet infected with S. graminicola  and[24]

resistant cv. of B. juncea infected with A. candida .[21]

Using the temperature range 25-40°C, the activation

energy (AE) of tomato â-1,3-glucanase GII was found

to be 6.5 K cal/mol (Fig. 8).

The thermal stability of tomato â-1,3-glucanase GII

showed that the enzyme was stable up to 40°C (Fig. 7

B). From 45°C onwards, the enzyme was thermolabile

and 90% loss in enzyme activity was observed upon

incubation at 70°C for 30 min. Similarly, â-1,3-

glucanase activity from banana fruit was also

thermolabile where the enzymatic activity was

completely lost at 80°C. The thermolability of tomato

â-1,3-glucanase GII herein is contrast with that

recorded for purified enzymes from resistant cv. of

pearl millet infected with S. graminicola  and banana[24]

fruit  where more than 80% of enzyme activity was[40]

recovered after incubation at 60 and 70°C for over 1 h,

respectively.

Substrate Specificity: The ability of purified tomato â-

1, 3-glucanase GII to hydrolyze different â-glucans that

differ in linkage type and in the ratio of linkage type

was estimated (Table 3). The results showed that the

enzyme preferentially hydrolyzed linear â-1,3-glucans

such as laminaria digitata laminarin and Alcaligenes

faecalis curdlan with relative activity rates of 100 and

88.7%, respectively. While it shows low activities

towards highly side-branched â -1,3-glucan such as

Cetralia islandica lichenan, xylane and CM-cellulose

with relative activity rates of 19.2, 18 and 14 %,

respectively in comparison with laminarin  as 100 %.

The ability of purified tomato â-1,3-glucanase GII

to degrade certain glucan substrates suggests a degree

of specificity which is important for determining the

physiological role of such enzyme in wilt disease

resistance of tomato. These results argue that purified

tomato â-1,3-glucanase GII herein is a typical â-1,3-

glucanase endohydrolase as reported by Jooston and

Wit , Ji and Kuc , Akiyama et al.  and Peumans et[18] [17 ] [2]

al. . A similar substrate specificity has been estimated[40]

for purified â-1,3-glucanases from barley , rice Oryza[16]

sativa , germinated tomato seeds  and banana fruit .[2] [37] [4 0 ]
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Table 3: Relative activity of tomato â-1,3-glucanase GII towards different glucan substrates. 

Substrate Relative activity (%) M ajor linkage type* **

Laminarin (Laminaria digitata) 100.0 1,3; 1,6-â- (7:1)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Curdlan (Alcaligenes faecalis) 88.7 1,3- â-

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Barely â-glucan 69.2 1,4; 1,3-â- (2.3~2.7:1)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lichenan (Cetralia islandica) 19.2 1,4; 1,3-â- (2:1)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Xylan 18 1,4- â-

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CM -cellulose 14 1,4- â-

Enzyme activity using laminarin as substrate was taken as 100%. **Ratios of linkage types are from Hrmova and Fincher (1993). Each value*

represents the average of two experiments.

Fig. 4: A typical elution profile for the chromatography of acetone precipitate of tomato â-1,3-glucanase on

DEAE-cellulose column (15 x 1.6 cm i.d.) previously equilibrated with 20 mM potassium phosphate

buffer, pH 7.5 at a flow rate of 60 ml/h and 5 ml fractions. Absorbance at 280 nm (•&•) and enzyme

activity (x&x).

Fig. 5: A typical elution profile for the chromatography of unbound-dialyzed DEAE-cellulose fraction of tomato

â-1,3-glucanase on Cellulose phosphate column (10 x 1.6 cm i.d.) previously equilibrated with 20 mM

sodium acetate buffer, pH 5.6 at a flow rate of 60 ml/h and 5 ml fractions. Absorbance at 280 nm  (•&•)

and enzyme activity (x&x).

One has to note that tomato â-1,3-glucanase GII

hydrolyzed barley â-glucan with relative rate 69.2%.

This result is little puzzling because other plant â-1,3-

glucanases, such as barley  and rice , had no activity[16 ] [2]

against  such substrate (due to the presumed absence

of  contiguous  â-1,3-links  which are normally

required for the activity of plant â-1,3-glucanases).

Several explanations can be given for such observation
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Fig. 6: pH Optimum of tomato â-1,3-glucanase GII.

Sodium acetate buffer (pH 3 - 5.5) (•&•),

sodium phosphate buffer (pH 5.5- 7.5) (x&x)

and Tris-HCl buffer (pH 7.5-8) (o&o). Each

point represents the average of two

experiments

Fig. 7: (a) Effect of temperature on the activity (•&•)

a n d  ( b )  s tab il i ty  (o&o )  o f  to m a to

â-1,3-glucanase GII. Each point represents the

average of two experiments.

as recorded by Peumans et al. . First, there may be[40]

some contiguous 1,3 links in the barley â-glucan used

in the experiments, secondly, the purified tomato â-1,3-

glucanases GII herein may be able to hydrolyze single

â-1,3-links which are present in the barley â-1, 3-

glucan. Third, the preparation of the tomato â-1,3-

glucanases GII may be contaminated with low levels of

a â-1,3:1,4-glucanase.

The preferability of purified tomato â-1,3-glucanase

GII in the present study to hydrolyze â-1,3-glucan

substrates suggests a degree of specificity which is

physiologically important. The accumulation of â-1,3-

glucanases at the site of F. oxysporum  penetration,

tomato roots in the present study, could play an

important  role as a defence mechanism of the plant.

Fig. 8: Arrhenious p lo t ,  log  ac t ivity versus

1/Temperature for tomato â-1,3-glucanase GII.

Each point represents the average of two

experiments.

In hyphal tips of many fungi â-1,3-glucans, the

preferred substrate of â-1,3-glucanases and the major

component of the cell wall of many fungi, are exposed

at the surface and could be attacked directly by plant

â-1,3-glucanases . The oligosaccharides that are[17 ,14 ,3 ,52]

released from the fungal cell wall as a result of such

enzyme activity may act as elicitors of phytoalexin

synthesis  and  lignifica tion responses .[2 5 ,4 0 , 4 6 ,2 1 ]

Furthermaore, F. oxysporum  growth could also be

inhibited by a disturbance of the balance between

synthesis and hydrolysis of hyphal wall material,

caused by the tomato â-1,3-glucanase as reported by Ji

and Kuc . In order to support such hypotheses, in[17]

future experiments, purified tomato â-1,3-glucanase GII

will be examined for their ability to hydrolyze

mycelium and isolated cell walls of F. oxysporum.

In conclusion, PO and â-1,3-glucanase induced in

tomato roots in response to F. oxysporum  infection.

The higher induction of such enzymes in resistant cv.

than susceptible and the differences in the PO

isoenzymes support the hypothesis that they have a role

in defense mechanism against F. oxysporum  invasion.

The high potentiality of these differences might serve

as selection criterions for field resistance of tomato to

F. oxysporum  at the early stage of plant developments.

Our current study has focused on purified predominant

tomato isoenzyme â-1,3-glucanase GII. It is an acidic

enzyme and has identical catalytic properties to those

reported for purified enzymes from different plant

species. Its substrate specificity seems to be implicated

in resistance mechanism of tomato against F.

oxysporum  invasion. Addition of metal cations such as

Ba , Ca , and Cu  stimulate the enzyme activity and2+ 2+ 2+

may increase the resistance of tomato cv. 



Res. J. Agric. & Biol. Sci., 3(6): 939-949, 2007

947

ACKNOWLEDGMENT

We thank Dr. Eman S. Farrag, Plant Pathology

Department, Faculty of Agriculture, South Valley

University, Quena, Egypt for providing, preparing of F.

oxysporum f.sp. lycopersici inoculum and helping

tomato plants infection. 

REFERENCES

1. Abeles, F.B. and L.E. Forrence, 1970. Temporal

and hormonal control of â-1,3-glucanase in

Phaseolus vulgaris L. Plant Physiol., 45: 395-400.

2. Akiyama, T., H. Kaku and N. Shibuya, 1996.

Purification and properties of a basic endo-1,3- â-

glucanase from rice (Oryza sativa L.) bran. Plant

Cell Physiol., 37: 702-705.

3. Baysal, O., E.M. Soylu and S. Soylu, 2003.

Induction of defence-related enzyme and resistance

by the plant activator acibenzolar-S-methyl in

tomato seedlings against bacterial canker caused by

Clavibacter michiganensis ssp. michiganensis. Plant

Pathol., 52: 747-753.

4. Bestwick, C., I.R. Brown and J.W. Mansfield,

1998. Localized changes in peroxidase activity

accompany hydrogen peroxide generation during

the development of a nonhost hypersensitive

reaction in lettuce. Plant Physiol., 118: 1067-1078.

5. Bhite, B.R., J.K. Chavan and D.P. Kachare, 1997.

A biochemical marker for resistance to sterility

mosaic disease in pigeonpea. J. Mah. Agri. Univ.,

22: 340-341.   

6. Bindschedler, L.V., J. Dewdney, K.A. Blee, J.M.

Stone, T. Asai, J. Plotnikov, C. Denoux, T. Hayes,

C. Gerrish, D.R. Davies, F.M. Ausubel and B.G.

Paul, 2006. Peroxidase-dependent apoplastic

oxidative burst in Arabidopsis required for

pathogen resistance. Plant J., 47: 851-863.

7. Bradford, M.M., 1976. A rapid and sensitive

method for the quantitation of microgram quantities

of protein utilizing the principle of protein-dye

binding. Anal. Biochem., 72: 248-254.

8. Caruso, C., G. Chilosi, C. Caporale, L. Leonardi,

L. Bertini, P. Magro and V. Buonocore, 1999.

Induction of pathogenesis-releated proteins in

germinating wheat seeds infected with Fusarium

culmorum . Plant Sci. 140: 107-177.

9. Chen-Yang, H.E., T. Hsiang, D.J. Wolyn and C.Y.

He, 2001. Activation of defense responses to

Fusarium  infection in Asparagus densiflorus. Eur.

J. Plant Pathol., 107: 473-483.

10. Davis, B.Y., 1964. Disc electrophoresis. Methods

and application to human serum protein. Ann. N.

Y. Acad. Sci., 121: 404-427.

11. Finke, W., M. Haug, H. Deising and K. Mendgen,

1991. Early defense responses of cowpea (Vigna

sinesis L.) induced by non-pathogenic rust fungi.

Planta, 185: 246-254.

12. Fischer, E.H. and L. Kohtes, 1951. Purification de

l,  invertase de levure. Helv. Chim. Acta. 34:

1123-1131.

13. Fravel, D.R., K.L. Deahl and J.R. Stommel, 2005.

Compatibility of the biocontrol fungus fusarium

oxysporum  strain CS-20 with selected fungicides.

Biol. Cont., 34: 165-169. 

14. Hanselle, T. and W. Barz, 2001. Purification and

characterization of the extracellular PR-2bB-1,3-

glucanase accumulating in different Ascochyta

rabiei-infected chickpea (cicer arietinum  L.)

cultivars. Plant Sci., 161: 773-781.

15. Horinouchi, H., A. Muslim, T. Suzuki and M.

Hyakumachi, 2007. Fusarium equiseti GF191 as an

effective biocontrol agent against Fusarium  crown

and root rot of tomato in rock wool systems. Crop

Prot., 25: 121-129. 

16. Hrmova, M. and G.B. Fincher, 1993. Purification

and properties of three (163)-â-glucanase

isoenzymes from young leaves of barley (Hordeum

vulgare). Bioch. J., 289: 453-461.

17. Ji, C. and J. Kuc, 1995. Purification and

characterization of an acidic â-1, 3-glucanase from

cucumber and its relationship to systemic disease

resistance induced by Colletotrichum lagenarium

and tobacco necrosis virus. Mol. Plant Microb.

Inter., 8: 899-905.

18. Jooston, M.H.A.J. and P.J.G.M. DeWit, 1989.

Identification of several pathogensis-related

proteins in tomato leaves inoculated with

Cladosporium Fulvum (syn. Fulvia fulva) as â-1,

3-glucanase  and  chitinases.  Plant  Physiol.,  89:

945-951.

19. Jothi, G., S. Rajeswari and R. Sundarababu, 2002.

Peroxidase and chitinase in brinjal inoculated with

Meloidogyne incognita (Kofoid and White)

chitwood  and  endomycorrhiza.  J.  Biol. Cont.,

16: 161-164.

20. Kang, Z.  and  H . B uchenouer , 2002.

Immunocytochemical localization of â-1,3-

glucanase and chitinase in Fusarium culmorum-

infected wheat spikes. Physiol. Mol. Plant Pathol.,

60: 141-153. 

21. Kapoor, A., H.R. Singal and S. Jain, 2003.

Induction, purification and characterization of â-

1,3-glucanas from Brassica juncea L infected with

Albugo  candida.  J. Plant Biochem. Biotechnol.,

12: 157-158.

22. Karasuda, S., S. Tanaka, H. Kajihara, Y.

Yamamoto and D. Koga, 2003. Plant chitinase as



Res. J. Agric. & Biol. Sci., 3(6): 939-949, 2007

948

a possible biocontrol agent for use instead of

chemical fungicides. Biosci. Biotechnol. Biochem.,

67: 221-224.

23. Khalil, M.A.E., 2004. Lycopersicon species. In

Khalil, M.A.E. (Ed.), Vegetables Plants, pp: 222-

242, El-Maaref, Alex. Rgypt.

24. Kini, K.R., N.S. Vasanthi, S. Umesh-Kumar and

H. Shekar, 2000. Purification and properties of a

major isoform of â-1,3-glucanase from pearl millet

seedlings. Plant Sci., 150: 139-145.

25. Kotake, T., N. Nkagawa, K. Takeda and N.

Sakurai, 1997. Purification and characterization of

wall-bound exo-1, 3-beta-D-glucanase from barley

(Hordeum vulgare L.) seedlings. Plant Cell

Physiol., 38: 194-200.

26. Krebs, S.L. and R. Grumet, 1993. Affinity

purification and characterization of a â-1,3-

glucanase from celery. Plant Sci., 93: 31-39.

27. Laemmli, U.K., 1970. Cleavage of structural

proteins during the assembly of the head of

bacteriophage T4. Nature, 227: 680-685.

28. Lebeda, A. and K. Dolezal, 1995. Peroxidase

isoenzyme polymorphism as a potential marker for

detection of field resistance in cucumis sativus to

cucumber downy mildew (Pseudoperonospora

cubensis/ Berk.etcurt./Rostow). J. Plant Dist. Prot,

102: 467-471.

29. Lebeda, A., E. Kristkova and K. Dolezal, 1999.

Peroxidase isoenzyme polymorphism in Cucurbita

pepo cultivars with various morphotypes and

different level of field resistance to powdery

mildew. Sci. Hort., 81: 103-112.

30. Lebeda, A., L. Luhova, M. Sedlarova and D.

Jancova, 2001. The role of enzymes in plant-fungal

pathogen  interactions. Zeit. Pfla. Kranh. Pflan.,

108: 89-111.

31. Lee, T.T., 1973. On extraction and quantitation of

plant  peroxidase isozymes. Physiol. Plant., 29:

198-203.

32. Lee, D.H. and C.B. Lee, 2000. Chilling stress-

induced changes of antioxidant enzymes in the

leaves of cucumber: in gel enzyme activity assays.

Plant Sci., 159: 75-85.

33. Malik, S.S., R.R. Singh and G.K. Garg, 1996.

Isoenzymic variation in relation to yellow mosaic

disease in soybean. Indian J. Genet., 56: 462-467.

34. Mauch, F., B. Mauch-Mani and T. Boller, 1988.

Antifungal hydrolases in pea tissue. II- Inhibition

of fungal growth by combinations of chitinase and

â-1,3-glucanase. Plant Physiol., 88: 936-942.

35. Mohamed, M.A. and F.M. Hammad, 2003. Key

enzymes of phenylprpanoid pathway and oxidative

enzymes: possible markers for Meloidogyne

javanica resistance in tomato. Inter. J. Nematol,

13: 72-78.

36. Mohamed M.A. and S.A. Hasabo, 2005.

Biochemical alterations induced by Meloidogyne

incognita  infection in cotton. Inter. J. Nematol.,

15: 145-154.

37. Morohashi, Y. and H. Matsushima, 2000.

Development of â-1, 3-glucanase activity in

germinated  tomato  seeds.  J.  Exp.  Bot.  51:

1381-1387.

38. Noel, G.R. and M.A. McClure, 1978. Peroxidase

and 6-phosphogluconate dehydrogenase in resistant

and susceptible cotton infected by Meloidogyne

incognita. J. Nematol., 10: 34-39.

39. Panwar, J. and A. Vyas, 2000. Changes in

peroxidase and polyphenol oxidase activities in

roots of Tamarinx aphylla by different AM fungi.

J. Eco. Physiol., 3: 103-106.

40. Peumans, W.J., A. Barre, V. Derycke, P. Rouge,

W. Zhang, G.D. May, J.A. Delcour, F. Van

Leuven and E.J. Van Damme, 2000. Purification,

characterization and structural analysis of an

abundant beta-1, 3-glucanase from banana fruit.

Eur. J. Biochem., 267: 1188-1195.

41. Rakshit, S., S.K. Mishra, S.K. Dasgupta and B.

Sharma, 2000. Marker assisted selection for

powdery mildew resistance in pea Pisum sativum.

J. Plant Biochem. Biotechnol., 9: 95-102.

42. Reuveni, R., M. Shimoni, Z. Karchi and I. Kuc,

1992. Peroxidase activity as a biochemical marker

for  resistance  of  muskmelon  (Cucumis  melo)

to  Pseudoperonospora  cubensis.  Phytopathol.,

82: 749-753.

43. Sabuquillo, P., A. De Cal and P. Melgarejo, 2006.

Biocontrol of tomato wilt by Penicillium oxalicum

formulations in different crop conditions. Biol.

Cont., 37: 256-265.

44. Siegrist, L., D. Glenewinkel, C. Kolle and M.

Schidtke, 1997. Chemically induced resistance in

green bean against bacterial and fungal pathogens.

Zeit. Pfl. Pflanzen., 104: 599-610.

45. Sundar, A.R., R. Viswanathan, D. Mohanraj and P.

Padmanaban, 1998. Role of oxidative enzymes in

sugarcane and Colletotrichum falcatum  went

interaction. Acta Phytopathol. Hung., 33: 297-304.

46. Suo, Y. and D.W.M. Leung, 2001. Elevation of

extracellular â-1, 3-glucanase and chitinase

activities in rose in response to treatment with

acibenzolar-S-methyl and infection by Diplocapon

rosae. J. Plant Physiol., 158: 971-976.

47. Tyagi, M., A.M. Kayastha and B. Sinha, 2001.

Induction of chitinase and â-1,3-glucanase in

resistant and susceptible wheat lines following

infection with Alternaria triticina. J. Plant

Biochem. Biotechnol., 10: 71-81.

48. Voegele, R.T., S. Wirsel, U. Möll, M. Lechner and

K. Mendgen, 2006. Cloning and characterization of



Res. J. Agric. & Biol. Sci., 3(6): 939-949, 2007

949

a novel invertase from the obligate biotroph

Uromyces fabae  and analysis of expression

patterns of host and pathogen invertases in the

course of infection. Mol. Plant Microbe. Interact.,

19: 625-634.

49. Warburg,  O. and W. Christian, 1942. Isolation

and  crystallization of enolase. Biochem. Zool.,

310: 386-421.

50. Wojtaszek, P., 1997. The oxidative burst a plant's

early  response  against  infection. Biochem. J.,

322: 681-692.

51. Zabala, G., J. Zou, J. Tuteja, D.O. Gonzalez, S.J.

Clough and L.O. Vodkin, 2006. Transcriptome

changes in the phenylpropanoid pathway of

Glycine max in response to Pseudomonas syringae

infection.BMC Plant Biol., 6: 15-21. 

52. Zhao, H., H. Zhao, J. Wang, B. Wang and Y.

Wang, 2005. Stress stimulation induced resistance

of plant. Coll. Surf. Bioint., 43: 174-178.


