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Executive Summary 

The purpose of the project for 1998 was to evaluate the potential 

of the chItm olIgomers to elIcIt the defense system of the plants 

The leaves of the cucumber and bean plants were sprayed wIth the 

ohgomers Four dIfferent enzymes chItlllase glucanase 

,chItoslllase and peroxIdae WhICh suppose to be part of the 

defense response of the plant were analyzed The enzymes were 

studIed colorImetrIc and by gel electrophoresIs techmques 

Results has been shown that chItin olIgomers mduce dIfferently 

the dIfferent enzymes and the same enzyme can elIcIt dIfferently 

m dIfferent tissues (draft of the paper wIth all the results are 

mcluded) ChItosan a glucoseamme polymer was also studIed m 

thIS project m order to compared ItS elIcItatIOn response and latter 

on ItS effect on the dIsease control The effect of the chItin 

olIgomers and the glucoseamme polymer on the dIsease control 

wIll be dISCUSS m the fmal report In thIS year we traIned Dr 

NatalIa Kudabeava m our lab Her work IS still contmue and the 

results WIll appear m the fmal report Dr N ataha IS the only 

worker WhICh dealmg wIth thIS project m her country In thIS 

case no other work has been done In her country We feel that 

only m the end of the project Dr NatalIa IS ready for Independent 

work m her country 
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SectIOn I 

Research objectIves and Research accomphshments 

are part of the paper that we are mcluded 

SCIentifIc Impact of CollaboratIOn 

Dr Natalya kudabeava WIll fImsh to spend m our lab at February 

more than one year of trammg We feel and she feel that It was a 

very frUItful time for her Dunng thIS year Dr Rouza Kunaeva the 

Kazakh chIef of the project vIsIted m our lab 

DescnptIOn of the Project Impact 

We WIll dISCUSS thIS Issue m the fmal report after the mVIVO 

expenments 

Strengthemng of Developmg country InstItutIOn 

The project enable the molecular bIOlogy peoples to tram 

themselves wIth fIeld expenments The project allow them to 

combme expenments m the lab wIth expenments m the 

greenhouse 

Further work 

We are domg thIS year expenments wIth the whole plants m order 

to test the effect of the chItm ohgomers m the greenhouse In the 

fmal report we WIll dISCUSS thIS Issue 
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SectIOn II 

Managerenal Issue Not anse any msnsgenal Issues 

BudJet No major changes 

SpecIal concerns not applIcable 

CollaboratIOn ,Travel , Trammg and publIcatIOns 

Dr kuneava the head of the kazakh group vISIted m our lab She 

spend one week m our lab for dIscussIOn the progress of the 

project and for thmkmg about a new proposal We are faCIng a 

very successful traInmg WIth Dr NatalIa Kudabaeva She IS stIll 

workmg m our lab and WIll contInue to work at her lab WIth the 

treated raw matenal that she prepared The full detaIls WIll be m 

the fmal report , at the end of thIS year 

We Include the draft of the paper WhICh wIll gIve much more 

detaIls on the aIm of our work 

• 
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ElIcItatIOn Effect of ChItIn OlIgomers and Chltosan 

SpraYIng on the Leaves of 

Cucumber ( Cucumls satlvus ) and Bean ( Phaseolus vulgarIS) Plants 

AkI, C , ArdI, R , PInto, R and Ben-Shalom, N 

ABSTRACT 

The ObjectIves of thIS research were to evaluate the elICItatIOn of enzymes 

mvolved m the plant defense mechamsm such as chitmase, peroxIdase, ~-1 ,3 

glucanase and chitosanase, caused by spraymg chItm olIgomers (ohgomer) and 

chitosan on cucumber (Cucumls satlvus) and bean (Phaseolus vulgaris) plants The 

elICItatIOn response was evaluate by colonmetnc and gel electrophoresIs technIques 

Two chitmase Isoforms were observed m a natIve gel m cucumber leaves whIle five to 

SIX chitmase Isoforms were observed m bean leaves The basal peroxIdase actIVIty was 

enhanced up to 1423% m cucumber leaves 48 h after the treatment WIth an ohgomer 

mIxture However, m chitosan treated plants an mcrease When the plants were treated 

by chitosan, an mcrease of 113 3% was detected m bean plants whIle the mcreasmg 

was only 22 6% m cucumber plants The basal glucanase actIvIty was mcreased 

(107 6%) m bean leaves of chItm olIgomer treated plants, whIle only 16 5% m 

cucumber leaves In cucumber and bean plants treated With the chitosan the glucanase 

elICItatIOn was not very effectIve Under denaturmg gel condItIOns, a band WIth of 45 

kDa apparent molecular weIght was detected for glucanase m both plants The 

chItosanase actIvIty was ehcIted 135% m cucumber and 161 7% m bean leaves 48 h 

after ohgomer treatment of the plants, whIle after the chitosan treatment the elICItatIOn 

m both plants was SImIlar (94 - 96%) Also under denaturmg gel condItIOns 

chitosanase Isoenzymes WIth the same SIze (ca 30 kDa) were observed for both 

plants 

These results suggest that chItm olIgomers and chitosan ehcIt dIfferent responses m 

the cucumber and bean plants 



INTRODUCTION 

Chitmases [EC 321 14] and P-l,3 glucanases [EC 32 1 39] are present m 

many mgher plants Both enzymes have been Imphcated m defense reactIOns of plants 

agamst pathogens (Boller et ai, 1983) p-l,3 glucanases and chitmases are 

dIfferentIally mduced by exogenously supphed mercurIc chlonde m soybean 

hypocotyls and leaves (YI and Hwang, 1996) Further, ohgosacchandes that are 

released from the fungal cell walls by the actIOns of chitmases and P-l,3 glucanases 

are thought to act as sIgnals (ehcItors) for further of mductIOn of these enzymes and 

for actIvatIOn of other defense mechanIsms such as phytoalexm productIOn and 

hgmficatIOn (Mauch and StaehelIn, 1989) Chitmase and P-l,3 glucanase Isozymes 

can be quantIfied by usmg PAGE, and protem bands can be stamed wIth Coomassle 

Bnlhant Blue on the same gels after stammg for the Isozymes (pan et ai, 1991) 

Peroxidases [EC 1 11 1 7] are part of the mUltI-component defense system 

(Malolepsa and Urbanek, 1994), peroxidases are mvolved m catalyzmg the 

chitosanizatIOn of cmnamyl groups to hgmn (Lagnmm et ai, 1993), subenzatIOn of 

cell walls (Sherf et ai, 1993), accumulatIOn of phenohc chitosans ( Graham and 

Graham, 1992) and the bmdmg of extensm to the cell wall (Brownleader et ai, 

1995) SystemIc accumulatIOn of peroxIdase can be mduced by treatment of leaves 

WIth K2HP04 (Irvmg and Ku , 1990) Hammerschmidt et ai, (1982) found that 

mcrease m peroxIdase actIvIty was associated WIth an enhancement of three aCIdIc 

peroxIdase ISO forms 

Vanous molecular forms of chitosanase actIVIty were found m leaf tIssue of 

varIOUS plant speCIes stressed With chemIcals or pathogens by usmg polyacrylamIde 

gel assays (Gremer and Asselin, 1990) Cmtosanases [EC 32 1 99] are hydrolases 

actmg on chitosan They are dIstmgUlshed from cmtmases by theIr lower apparent 

molecular mass [after SOdIum dodecyl sulphate-polyacrylamIde gel electrophoresIs 

(SDS-PAGE), under non-reducmg condItIOns] and substrate speCIfiCIty (Gremer and 

Asselin, 1990) Cmtosanase actIVIty m leaves, seeds and fruItS were mvestIgated m 

several speCIes Cmtosanase actIVIty was found also m the leaf extracts of lower 

plants such as Onoclea senszbdzs (fern) as well as m several hIgher plants (QuakfaqUi 

and Asselin, 1992) 
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Chitosan, a hIgh molecular weIght catIOnIC polysacchande, has been shown to 

be fungIcIde agamst several fungI (HIrano and Nagao, 1989) Chitosan (poly 

(l---+4)-P-D-glucosamme) can be defined as deacetylated chItm (Gremer and Asselm, 

1990) Chltosan also IS known to be a potential ehcltor of many plant defense 

responses, mcludmg the accumulatIOn of chitmases (Mauch et al , 1984), hgnIficatIon 

m wheat leaves (pearce and RIde, 1982), and mductIOn of callose synthesIs (Kauss 

et al ,1989) DIfferent kmd of plants tested for elICItatIOn response under the chItosan 

treatment some of these treatment were applIed on detached leaves (Tmterev et al , 

1996), or spraymg on the varIOUS plant species leaves as on leaves of Phaseolus 

Vulgans cv Pmto (pospleszny et aI, 1991) InjectIOn of chitosan mto leaves of 

Nlcotlana tabacum Xanthl nc mduced systemIC reSIstance agamst TMV (PospIeszny, 

H, 1995) In tomato plants the chItosan was apphed by leaf spraymg or root coatmg 

for mcrease the reSIstance (Benhamou and Theriault, 1992) 

The present study mvestIgates whether chItm olIgomers and chitosan spraymg 

on the leaves of cucumber and bean plants affect the elICItatIOn the plant defense 

mechanIsm 

MATERIALS AND METHODS 

Chemlcals 

ChemIcals for electrophoreSIS were from BIO-Rad (MIssisauga, Ontano, 

Canada) Protem molecular mass markers, glycol chItosan, lammann, 2,3,5-tnphenyl 

tetrazohum chlonde, 3-ammo-9-ethylcarbazol, coomaSSIe bnlhant blue R-250, 

ca1cofluor whIte MR2, tnton X-I 00 and all other reagents were from SIgma ChemIcal 

Co (St LOUIS, MO, USA) Glycol chltm was obtamed by acetylatIOn of glycol 

chitosan by the method of Molano et aI, 1979 ChItm ohgomers were prepared as 

descnbed ChItosan was purchased from 

Plant Matenal 

Cucumber (Cucumls satlVus) cv Hasan plants were grown m plastic pots 

containIng pottmg mixture m a commerCial nursery ('HIShtII', Afula, Israel) Bean 

(Phaseolus vulgans) plants were grown from seeds under greenhouse condItIOns For 

the elICItatIOn response, cucumber and bean plants were treated m the 3-4 true leaf 

stage Control plants were sprayed With water and treated plants were sprayed With 

o 1% chItm olIgomers mIxture (DA 95%, DP 2-7) or 0 1 % chitosan (DA 7%, MW 

300,000) 
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PreparatIOn of leaf extract 

Leaves of cucumber and bean plants were harvested and llnmedmtely deepmg 

m bqUId nItrogen, freeze drIed and then mIllmg m a mortar and pestle to a fine 

powder For leaf crude extract, the leaves powder (0 1 g) was extracted m 5 ml 

SOdIum phosphate buffer (0 05 M, pH 6 5) for 2 h at 4°C, then centnfuged at 20,000 g 

for 15 mm at 4°C After centnfugatIOn, the supernatants were collected and then 

protem concentratIOns were determmed by the method of Bradford usmg bovme 

serum albumm (BSA) as a standard [5] 

Native polyacrylamide gel electrophoresIs (PAGE) 

PolyacrylamIde gel electrophoresIs under natIve condItIons was performed 

WIth 15-12% or 8% (w/v) polyacrylamIde resolvmg and 5% (w/v) stackmg gels 

AnOdIC electrophoresIs was carned out accordmg to the method of DaVIS, 1964 [8] 

Gels were stamed WIth 0 01% calcofluor whIte for detectIOn of chitmase and 

chitosanase actIvItIes, WIth 0 15% 2,3,5-tnphenyl tetrazohum chlonde for glucanase 

actIvIty, or With 1% 3-ammo-9-ethylcarbazol for perOXIdase actIVIty Cucumber and 

bean leaf crude extracts (25-30 Ilg protem) were loaded m the actIvIty gels All the 

gels were run usmg the MInI protean II apparatus (BIO-Rad) at 100 volts for 2 h 

DetectIOn of ch,tmase activity after PA GE 

Chitmase actIVIty was detected m 12% polyacrylamIde resolvmg and 5% 

stackmg gels Glycol chItm (0 01 %) was used as the substrate m the gel matrIX After 

electrophoresIs, the gels were mcubated at 40°C for 3 h mOl M SOdIum acetate buffer 

(PH 50) WIth gentle shakmg (Trudel and Asselm, 1990) FollOWing mcubatIOn 

chitmase actIVIty gels were stamed at room temperature WIth freshly prepared 0 01% 

(w/v) calcofluor whIte M2R mOl M Tns-HCI (PH 8 9) buffer for 8 mm Calcofluor 

whIte solutIOn was removed by washmg the gels m dIstIlled water for 24 h The 

chitmase actIVIty bands were observed m the UV hght screen as a dark bands on the 

fluorescent background 

DetectIOn of PerOXidase actiVity after PAGE 

PeroXIdase actIVIty was detected m 8% resolvmg and 5% stackmg gel matnx 

After PAGE, gels were rmsed WIth dIstIlled water and transferred to 0 05 M sodIUm 

acetate buffer (PH 5 0) containIng 10 mM H202 for 2 mm Then, 3 ml of 

N,N-dimethylformamide contammg 30 mg 3-ammo-9-ethylcarbazol was added WIth 

slow shakmg Brown bands appeared m 10 mm (Shim om, 1994) Gels were rmsed 
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wIth dIstIlled water several tImes and once wIth 0 05 M sodmm acetate buffer (PH 

5 0) solutIOn Then, the gels were placed mto the fixatIOn solutIOn (25% methanol, 

10% acetIc aCId, 5% glycerol) or stamed With Coomassle R-250 

Denaturatmg - PAGE 

SDS-PAGE was performed wIth 15% (w/v) polyacrylamIde resolvmg and 5% 

stackmg gels contammg 0 1 % SDS (w/v) Cucumber and bean leaf crude extracts 

(25-30 ~g protem) were loaded m the actIVIty gels All the gels were run usmg the 

MIlll protean II apparatus (BIO-Rad) at 100 volt for 2 h AnOdIC electrophoreSIS was 

carned out accordmg to the method of DavIs, 1964 [8] Samples were boded for 3 mm 

wIth SDS loadmg buffer (Promega Protocols) 

DetectIOn of jJ-l,3 glucanase activity after denaturmg PAGE 

B-l,3 glucanase actIVIty was detected m SDS-PAGE Lammann (04%) was 

used as the substrate m the gel matnx After SDS-PAGE, the gels were mcubated at 

room temperature for 10 mm m 0 05 M sodmm acetate buffer (PH 5 0) contammg 1 % 

(v/v) punfied TrIton X-lOO and then the Tnton X-IOO solutIOn was removed The gels 

were nnsed three tImes wIth dIstIlled water, stamed wIth 0 15% 2,3,5-tnphenyl 

tetrazohum chlOrIde m 1 M NaOH solutIOn m a boIlmg water bath, untIl red bands 

appeared (pan et ai, 1989) After stammg, the gels were soaked m a solutIOn of 75% 

acetIC aCId and stored at 4°C 

DetectIOn of chltosanase activity after denaturmg PAGE 

Chitosanase actIVIty was detected m SDS-PAGE Glycol chitosan (002%) was 

used as substrate m the gel matrIX After electrophoreSIS, the chitosanase actIVIty gels 

were first mcubated at room temperature for 20 mm m 0 01 M SOdIum acetate buffer 

(PH 5 0) contammg 1% (v/v) punfied Tnton X-IOO (Gremer and Asselm, 1990) and 

then the Tnton X-lOO solutIOn was removed and the gels were mcubated at 40°C for 4 

h mOO 1 M SOdIum acetate buffer (PH 5 0) WIth gentle shakmg DetectIOn of the 

enzyme actIVIty was done by stmlllng WIth calcofluor whIte as descnbed for detectmg 

of chitmase actIVIty Chitosanase actIVIty bands were observed m the UV hght screen 

as a dark bands on the fluorescent background 
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Colorzmetrzc assay for measurement of chltmase, peroxidase, /3-1,3 glucanase and 

chltosanase activities 

Chitmase actIvIty was measured usmg 0 4 ml assay mIxture contammg 0 2% 

glycol chItm and enzyme solutIOn contammg 40 j.lg protem Glycol chItm IS useful for 

the colonmetnc assays because It does not precIpItate at any pH (Alba, S ,1992) The 

mIxture was mcubated at 40°C for I h Then, 05 ml of ferncyanide (05 g potaSSIUm 

ferncyanide m 1 hter of 0 5 M sodIUm carbonate) was added and the mIxture was 

ImmedIately boIled for 15 mm After coolmg, the chitmase actIvIty was determmed as 

the release of the N-acetyl-glucosamme (Glc-NAc) group at 420 nm accordmg to 

Imoto and Yaglshlta (1971) 

PeroxIdase actIvIty was assayed spectrophotometncally The 1 ml assay 

mIxture contammg 0 05 M sodIUm acetate buffer (PH 6 0), 0 2 ml of 0 1 M pyrogallol, 

o 1 ml of 90 mM H202 and enzyme solutIOn contammg between 10-40 J..lg protem, 

mIxed together Immediately before detectmg The actIvIty was measured at 300 nm 

accordmg to Kanner and Kmsella, 1983 The reactIOn was allowed to proceed for 6 

mm With OD measurements taken every 60 s, begmmng after 1 mm after the addmg 

of the crude extract to the substrate (Lune et al ,1997) 

(3-1,3-glucanase actIVIty was coionmetrically assayed by the dImtrosahcylate 

method of Abeles and Forrence (Abeles and Forrence, 1979) WIth some 

modIficatIOns The 02 ml assay mIxture was mcubated at 40° C overnIght Crude leaf 

extracts contammg 40 j.lg protem were assayed usmg 2% dialyzed lammarm as a 

substrate 

Chitosanase actIvIty was assayed as descnbed for the (3-1,3-glucanase usmg 

02% glycol chitosan as the substrate and enzyme solutIOn contammg 40 j.lg protem 

The 0 2 ml assay mIxture was mcubated at 40°C overnIght The reactIOn was stopped 

by addmg 08 ml of 0 03 M dImtrosahcylate reagent and the 1 ml final reactIOn 

mIxture was Immediately bOIled for 10 mm (pan et al , 1989) After coolmg, the 

resultmg reducmg sugars from glucanase and chItosanase actIVItIes were measured at 

575 nm usmg the method of Nelson, 1944 [] 
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RESULTS 

DetectIOn of enzyme activity by polyacrylamide gel electrophoresIs (PAGE) 

The actIvIties of chitmase, peroxIdase, glucanase and chitosanase enzymes 

were checked under the natIve and denaturmg gel condItIOns, m the leaf crude extracts 

of cucumber (Cucumls satlvus) and bean (Phaseolus vulgans) plants 48 h after the 

treatment WIth chItm ohgomers and chitosan was found most actIve time for the four 

enzyme actIvIties (data were not shown) 

InductIOn of Ch,tmase 

Chitmase Isoforms were detected m native gel contammg 0 01% glycol chItm 

as substrate Under thIS condItIOns, ohgomer treated plants showed stronger chitmase 

actIvIty bands m both plants (Fig 1 A, columns 2,5), than the control (columns 1,4) 

and chitosan treated plants (columns 3,6) In cucumber were found only two baSIC 

chitmase Isoforms, whIle m bean were found more than SIX cmtmase Isoforms (FIg 

1A) 

InductIOn of PerOXidase 

PerOXIdase Isoforms were detected under natIve PAGE condItIOns In 

cucumber plant, chItm ohgomer treated samples (FIg 1B, column 2) showed stronger 

peroxIdase actIvIty than the water (column 1) and cmtosan treated plants (column 3) 

Under tms condItIOns, three dIfferent perOXIdase Isoforms were detected m cucumber 

plants 

In bean plant, not very sIgmficant dIfferences were observed between the 

treatments It seems that m chItm ohgomer treated plants was found hIgher actIvIty 

The cucumber (columns 1-3) and bean (columns 4-6) perOXIdase Isoforms were 

located at dIfferent SIzes on the actIVIty gel (Fig 1 B) 

InductIOn of f3-1,3-glucanase 

In bean and cucumber plants, chItm olIgomer treated plants (columns 2,5) 

showed hIgher j3-1,3-glucanase actiVIty than the control (1,4) and chltosan treated 

plants (3,6) as shown m Fig 1 C However, the mductIOn of j3-1,3-glucanase actiVIty 

m bean plants was stronger than m cucumber plants Only one major band of 

/3-1,3-glucanase actiVIty near 45 kDa was observed for both plants 
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InductLOn of Chltosanase 

When the cucumber plants were treated by chltm ohgomers (column 2) and by 

chltosan (column 3), a weak mductIOn m chltosanase activity bands were observed In 

bean plants a stronger mductIOn m chltosanase actlvlty bands were observed 

(columns 5,6) In thIS conditIOns both plants showed chItosanase actlvlty bands 

around 30 kDa (Fig 1 D) 

A 

1 2 3 4 5 6 

8 



B 

1 2 3 4 5 6 
~ ............... ~~ 

~ 
J 

L , ~ *-
. - , 

'" " ~ 

, .. 

c 

M 1 2 3 4 5 6 

660-

450- ~~. ~~~~ ?:tfo,'t 

290-

200-

140-

9 



D 

660-
450-
290-
200-

M 1 2 3 4 5 6 

Fig 1 4 Chltmase actlvltv after 12% (w/v) native polvacrylarmde gel electrophoresIs gels were 

stamed WIth calcofluor whIte M2R B Pero,(ldase actIvIty after 8% (w/v) natIve polyacrylamIde gel 

electrophoresIs gels were stamed WIth 3-ammo-9-ethylcarbazol C ~-1,3-Glucanase actIvIty after 15% 

(w/v) denatunng (SDS) polYacrylamIde gel electrophroresls gels were stamed WIth 

2 3 5-tnphenYltetrazohum chlonde D Chltosanase actlVltv after 15% (w/v) denatunng (SDS) 

polyacrvlamlde gel electrophroresls gels were stamed With calcofluor white M2R Leaf crude extracts 

(25-30 Ilg of protem) were loaded per lane For determmg the molecular sizes for ~-1 3-glucanase and 

Chltosanase m the denaturation gels 10 III of molecular mass markers denaturated WIth SDS (M) 

Cucumls satlvus, (lane 1) control (lane 2) treated With chltm olIgomer (lane 3) treated 'W Ith chltosan 

(chltosan) and Phaseo[us vulgariS, (lane 4) control, (lane 5) treated With chltm olIgomer (lane 6) 

treated With chltosan 
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DetectIOn of enzyme actiVity by colorimetric methods 

The actIvItIes of chitInaSe, peroxIdase, glucanase, and chitosanase that are 

Involved In the plant defense mechanIsm were tested In cucumber (Cucumls satlvus) 

and bean (Phaseolus vulgans) plants 48 hours after the treatment With chItIn 

ohgomers and chItosan In both plants the actIvItIes of these four enzymes were found 

to be most actIve 48 hours after the treatment (data not shoWll) 

InductIOn of chltmase activity 

The basal chitInaSe actIvIty founded In cucumber leaves was 2 81 mg 

NAG/mg Prot/ml WhIle In bean leaves hIgher basal actIvIty was found (4 57 mg 

NAG/mg Prot/ml) 

The chItInase enzyme actIvIty was weakly Induced In cucumber plants treated 

With the chItIn ohgomers mIxture to 3 31 (17% Increase) was observed (FIg 2) 

However, In cucumber plants treated by the chItosan the actIVIty was 1 9 (32% 

decrease) WhIle In bean leaves both treatments caused a decrease In the actIVIty (48% 

In chitosan treated plants and 16 % In ohgomer treated plants) (fig 2) 
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Cucumber Bean 

Fig 2 Chltmase actlvltles accordmg to the colorimetric results m cucumber (Cucumls satlvus) and bean 

(Phaseolus vulgarzs) leaves The white column showes water treated gray column showes 0 1 % chltm oligomer 

mixture treated and black column showes 0 1 % chltosan treated plants 

InductIOn of peroxidase actiVity 

The basal peroXIdase actIVIty founded In cucumber leaves was 5963 

OD300nm/mg Prot/ml 
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Furthermore, after the chItIn olIgomer treatment the actIvIty Increased to 144 5 

(1423% InductIOn) In cucumber leaves However, when the plants were treated WIth 

crutosan, the actIvIty raIsed to 73 1 (226% InductIOn) only as shown In FIg 3 

In bean leaves basal chItInaSe actIVIty was 2364 OD300nm/mg Prot/ml After both 

treatments the actIVIty Increased to ca 5043 OD300nm/mg Prot/ml correspondIng to 

almost 110% InductIOn (FIg 3) 

s:: 
E -~­_ E 
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'B '0 1 « .. Q)o. 
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~~ 
~ E :;6 
0. 0 .., 

C o 

[] Control • Oligomer • Poly mer 

Cucumber Bean 

Fig 3 PeroXidase activities according to the colonmetrlc results In cucumber and bean leaves The white column 

showes water treated gray column showes 0 I % chitin ohgomer treated and black column showes 0 1% chltosan 

treated plants 

InductIOn of /3-1,3 glucanase activity 

The basal glucanase actIVIty In cucumber plants was 792 }!g glucose/mg 

Prot/ml The glucanase actIVIty III cucumber leaves was slIghtly ehcItated m chItm 

olIgomer and In chItosan treated plants, 16 5 and 32 3% Increase, respectIvely as 

shown In FIg 4 

In bean leaves, basal glucanase actIVIty founded was 13 59 }!g glucose/mg Prot/ml 

The glucanase actIVIty was enhanced to 28 22 (107 6% InductIOn) but only to 19 59 

(44% Increase) by crutosan (FIg 4) 
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Fig 4 ~-I 3 glucanase activItIes accordmg to the colonmetnc results m Cucumls satlvus and Phaseolus vulgaris 

leaves The white column showes water treated gray column showes 0 1% chltm oligomer treated and black 

column showes 0 1% chltosan treated plants 

InductIOn of chltosanase actlvlty 

The basal chItosanase actIvIty founded m cucumber leaves was 1 97 ~g 

glucose/mg Prot/ml Wlule m bean leaves basal chItosanase actIvIty was much lower, 

o 47 ~g glucose/mg Protlml 

The actIvIty of chItosanase was sIgmficantly ehcItated m both plants leaves by eIther 

the chItm olIgomer and chItosan treatments In cucumber leaves, the enzyme actIvIty 

raIsed to 463 by chItm ohgomer (135% mductIOn) and by the chItosan to a value of 

3 83 (944% mcrease) (FIg 5) SImIlar elIcItatIOn response by chItm olIgomer 

(161 7%) and by chItosan (957%) were found m bean leaves as shown m FIg 5 
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Fig 5 Chltosanase activities accordmg to the colonmetnc results m Cucumls satlvus and Phaseolus vulgaris 

leaves The white column showes water treated gray column showes 0 1 % chltm oligomer treated and black 

column showes 0 1 % chltosan treated plants 

DISCUSSION 

We have reported that chitmas, peroxIdase, glucanase, and chitosanase can be 

elIcitate by chItm ohgomers and by cmtosan m cucumber and bean plants These four 

enzymes are known to partICIpate m early defense mechanIsm agamst pathogens It 

has been shown that chitosan amendment of the nutnent solutIOn stImulated chitmase, 

chitosanase and /3-1,3 glucanase actIVIty m roots and leaves of cucumber plants 

(Ghaouth et aI, 1994) In strawberry fruIt, coatmg mtact strawbernes WIth chitosan 

dId not stImulate cmtmase, cmtosanase or /3-1,3-glucanase actIVItIes m the tIssue as 

revealed by PAGE assays Chitosan, when applIed on freshly cut strawbernes, 

however, stImulated aCIdIC chitmase actIVIty (Ghaouth et al ,1992) The actIOn af 

chitosan on the reSIstance of potato plants were tested by Tmterev et al , (1996), the 

upper leaves of plants were detached and placed mto mOIst chambers and were 

sprayed by chitosan solutIOn Also It has been shown that /3-1,3 glucan ohgomers can 

mduce cmtmase actIVIty m nce suspensIOn cultures (lnm et ai, 1997) ElICItatIOn of 

plant defense mechanIsms by chitosan also has been demonstrated m other systems 

(Kendra et al ,1989) InductIOn of cmtmase and /3-1,3 glucanase actIVItIes and the 

elICItatIOn of phytoalexms by chttosan also have been reported m excIsed pea pods 
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(NIchols et ai, 1980, Kendra et ai, 1989) Accordmg to Leuba and Stossel, (1986) 

the actIvIty of chltosan IS related to ItS abIlIty to mterfere wIth the plasma membrane 

functIOn 

Accordmg to our gel electrophoresIs results, m cucumber leaf crude extracts 

two dIfferent chItmase Isoforms were observed m actIvIty gels whIle bean leaf crude 

extracts were showmg more than SIX chltmase Isoforms Cucumber and bean samples 

showed stronger chltmase actIvIty bands when the plants were treated by chItm 

ohgomers mIxture, whIle control and chItosan treated plants' leaves showed the same 

actIvIty m the actIvIty gel Also m soybean, pathogen mfectIOn and chemIcal stress has 

been found as a functIOn m a dIfferent organ-specIfic manner to mduce ISO forms of 

J3-l,3-glucanase and chItmase (YI Yon and Hwang, 1996) Accordmg to our 

colonmetnc results, the response of chItmase ehcItatIOn showed a weak mcreasmg m 

cucumber plants by ohgomer treatment In bean plants, no elICItatIOn was observed In 

both plants, the chItosan treated plants showed hIgher actIVIty than m ohgomer treated 

plants by colonmetncally These results dId not supported by the PAGE results 

because gel systems are more senSItIve than the colonmetnc measurements 

PeroXIdase actIVIty measurements by gel electrophoresIs, m cucumber leaves 

three aCIdIC peroXIdase Isoforms were observed whIle m the bean plants only one 

peroXIdase Isoform was observed under thIS condItIOns The bean leaves peroXIdase 

was observed at dIfferent locatIOn than the cucumber enzyme SImIlar three aCIdIC 

peroXIdase ISO forms m the cucumber leaves were already publIshed 

(Hammerschmidt et al ,1982) Also a SImIlar set of aCIdIC peroxIdases that were also 

systemIcally mduced m watermelon and muskmelon has been reported (SmIth and 

HammerschmIdt, 1988) The SIze Isoforms from these three CUCurbits speCIes has 

been located m a range of 30 to 33 kDa Leaf extracts from ohgomer treated cucumber 

and bean plants had stronger actIVIty bands m actIVIty gel In cucumber plants treated 

With chItosan hIgher actIVIty of the three Isoenzymes was also observed 

ColonmetrIcally, perOXIdase actIVIty was very strongly elIcitated m cucumber plants 

by chItm ohgomer but when the plants were treated by chItosan the ehcItatIOn 

response was weaker However, m bean plants both treatments caused a 2 fold 

mcreasement m peroXIdase actIVIty There was a corelatIOn between gel and 

colonmetnc results m the bean plants but not m the cucumber plants 
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Glucanase actIVIty measured by gel electrophoresIs condItIOns only one major 

band was observed close to 45 kDa In cucumber and bean plants Also JI and Kuc , 

(1995) has reported only one Isoform detected In cucumber leaf extracts and 

molecular mass was apparent near 38 kDa close to our results The glucanase basal 

actIvIty In bean leaves was hIgher than In cucumber leaves Only In ohgomer treated 

bean plants hIgher glucanase actIvIty was founded In cucumber leaves Increase In the 

glucanase actIvIty by chItIn ohgomers or chltosan was observed Ghaouth et ai, 

(1994) showed that, there was no ~-l ,3-glucanase actIvIty detected In the leaf 

Intercellular flmd extracts from control cucumber plants In natIve gels It has been 

shown that among the glucanase Isoforms present In the roots, only the lower band 

appeared to Increase In IntensIty With a hIgher chltosan concentratIOn When we 

looked to the colorImetrIc results, glucanase actIvIty was slIghtly enhanced In 

cucumber plants by both treatment But In bean plants, the actIVIty was Increased 

more than 2 fold after the ChItIn ohgomers treatment when elIcItatIOn response was 

not very strong by chltosan The same results were shown by denaturIng PAGE also 

Chltosanase actIVIty bands were observed around 30 kDa In cucumber and 

bean leaf extracts In cucumber plants chltosanase actIVIty bands was not very clear 

Ghaouth et aI, 1994, had been reported about four chltosanase actIVIty bands m leaf 

mtercellular flmd extracts of cucumber plants whIch grown m presence of chltosan at 

100 or 400 !-lg/ml for 14 and 17 days Colonmetrlcally, the ehcltatIOn of chltosanase 

actIVIty was stronger after chltm ohgomer treatment m both plants, than by chltosan 

In the lIght of our results and these observatIOns, elIcItatIOn response were 

found m changeable values by gel electrophoreSIS and by colorImetnc methods In 

cucumber and bean leaves when we sprayed the plants wIth chItIn ohgomers and 

chltosan Accordmg to other researchers, they were mentIOned woundIng, detachIng or 

addmg these olIgomers or chltosan to the extract solutIOns But It was not clear, If the 

treatment IS the reason for the ehcltatIOn response whether from woundmg stress But 

In our study, whole cucumber and bean plants were sprayed With chItIn ohgomers and 

chltosan and the elIcItatIOn response was observed by dIfferent technIques CorrelatIOn 

between the PAGE and colonmetrlc results was not allways observed for every 

enzyme actIVItIes, but the mcreasmg m the elIcItatIOn response eXIst 
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We conclude that eIther ohgomers and chItosans can be use as natural 

products, because of theIr nontOXIC effects on the envIronment, for ehcItatIOn of plant 

defense mechamsm 

ThIS research was supported under grant no Ta-MOU-95-CA 15-005 ,U S -Israel 

CooperatIve Development Research Program, Office of the SCIence AdVIsor, U S 

Agency for InternatIOnal Development 
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