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ThIS CDR project was ended, offiCIally, m August 1996 From varIOUS reasons, an extenSIOn of the 

duratIOn of the project was requested, and approved ThiS extenSIOn had allowed us to complete some 

parts of thIS work and to strengthen the cooperatIOn between the countrIes 

Dunng the project, two SCIentists from kazakhstan (Dr Inna Mamleeva and Mrs Dzhaklhaeva Gulnar 

Turarovna) had spent 6-month-trrumng penod, at Volcam Center, together wIth the research team 

workmg on thIs project Both were speCially mterested m Immunolabelhng procedures usmg hght 

(fluorescent-) and electron mIcroscope 

In 1997, the team from Kazakhstan (Prof Tuiemisova & Dr Mamleeva) and the IsraelI P I (Y SpIegel), 

represented parts of their results m the IOBC meetmg held m Bonn, Germany 

It IS rumed, at future, to contmue the cooperatIOn by submIssIon an AID/CDR proposal whIch WIll focus 

on the bIOcontrol agent Trichoderma 
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Pasteuna attachment to Me/oldogyne Spiegel et at 

A Attachment of Pa!1teuna penetrans spores to the surface of MelOldogyne Javamca second-stage 

Juvemles 

IntroductIOn 

Pasteuna penetrans IS an obhgate parasite of the root-knot nematode, Melozdogyne spp VanatlOns 

m bactenal spore adherence to the surface of second-stage Juvemle (12) surfaces have been attnbuted to 

differences m the surface composItion of different species, races and populations of root-knot nematodes 

(6), as well as to the heterogeneity of the spore surfaces themeselves (8,9,12) 

To Improve the ablhty of P penettans to serve as a blOcontrol agent, attempts have been made to 

understand the nature of Its spores' adheslOn to MelOldogyne 12 Such knowledge would further 

contnbute to nematode surface charactenzatlon and to the development of other, novel control 

strategtes DaVies (5) demonstrated in-VItro bmdmg of spore extract to a 190-kDa glycoprotem denved 

from an extract of M Javamca J2 cuticle EarlIer studies by StIrlmg et al (19) could not confirm the 

mvolvement of a lectm/carbohydrate mechamsm m spore attachment Later however, Bird et al (3) 

reported that the lectms concanavalm A (Con A) and wheat germ agglutmm (WGA) mhlblt spore 

attachment to M Javamca J2, probably due to bmdmg of the lectms by the spores DaVies and Danks (6) 

also demonstrated that a carbohydrate/protem mechamsm IS mvolved m P penetrans spore attachment 

to M Incogmta N-acetylglucosamme reSIdues on the spore surface recogmzed carbohydrate-recogmtlOn 

domams (CRD) on the nematode surface These authors also reported that polyclonal antibodIes raIsed 

agamst cuticular extracts of M Incogmta - recogmzed by 43- and 80-kDa polypeptides - mhlblt spore 

attachment to the surface of M Incogmta J2 (6) 
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Pasteuna attachment to Meloldogyne Spiegel et at 

The surface coat (SC) of M Javamca 12 has been recently charactenzed by Sharon and SpIegel 

(unpublIshed results) A polyclonal antIbody raIsed agaInst SC extract recogmzed a 250-kDa 

polypeptIde on an Immunoblot, vIsualIzatIOn under ltght microscopy revealed bIndmg of the antIbody to 

the 12 surface and amphIds, but not the head regIOn (Sharon and SpIegel, unpublIshed) 

ThIS report descnbes the effect of dIfferent factors, mcludIng detergents, carbohydrates and lectms, 

on P penetrans spore attachment to the surface of M Javamca 12, and suggests the Involvement of the 

250-kDa polypeptIde In the attachment mechamsm 

MaterIals and Methods 

Nematodes The root-knot nematode M Javamca was propagated on tomato (Lycoperslcon 

esculentum MIll cv Hosen Ellon) m the greenhouse, or aseptically m Petn dIshes contaInIng excIsed 

root cultures of tomato (10) Eggs were separated from egg masses WIth sodIUm hypochlonte (05%, 1 

mInute) and hatched In twIce diluted 0 1 M phosphate buffer sahne, pH 7 2 (PBS/2) to obtam InfectIve 

J2 

Bacterza A local Isolate of P penetrans was cultured on nematode females propagated m the 

greenhouse Females dIssected from roots were washed thoroughly, crushed In a tube WIth PBS and 

vortexed vigorously The spore suspenSIOn was removed, concentrated by centnfugatIOn (1000g, 10 

mInutes) and somcated for 30 seconds The suspenSIOn was kept at -20 C untll use 

Spore attachment assay The attachment assays were conducted In a flat-bottomed microtIter plates 

Each plate contaIned 30 lIve J2 mIxed WIth a suspenSIon of 106 spores/ml, In 50 m1 PBS/2 contaInIng 

Ca ++ and Mg ++ Ions and 10 ml Coomassle Bnlhant Blue (2) Each treatment was replIcated In three 
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wells Plates were shaken honzontally at 100 RPM, room temperature, and momtored under an mverted 

mIcroscope After 1 to 2 hours, when suffiCIent attachment had been achIeved (20 to 30 spores/J2), 10 

ml of37% formaldehyde solutIOn was added to kill and fix the nematodes The number of spores 

adhered to 25 J2 sutfaces was counted under a lIght mIcroscope Separate counts were petformed on the 

whole J2 body, on the area between the tall and the medIan bulb, and on the antenor regIon 

Factors affectmg spore attachment I Detergents J2 were mcubated for 30 mmutes m PBS/2 

contammg 1% sodIUm dodecyl sulfate (SDS) at 25 C, or 1% Tnton X-IOO at 0 C, and then washed three 

tImes WIth PBS/2 to remove excess detergent SDS-treated and non-treated speCIes were further mcu

bated for 2 days, at 4 C or 25 C, and the number of adhenng spores was recorded 

II Carbohydrates J2 were mcubated for 2 hours m Ca++- and Mg++- contammg PBS/2, WIth 0 1 M 

of the followmg carbohydrates fucose, galactose, glucose, a-methyl mannosIde, N-acetylgalactosamme 

or N-acetylglucosamme J2 were then washed WIth PBS/2 pnor to the attachment assays 

III Lectms J2 were mcubated for 2 hours m PBS/2 contammg Ca++, Mg++ and Mn++ IOns WIth 0 1 

mg/ml Con A or WGA J2 were then washed WIth PBS/2 pnor to the attachment assays 

IV Spore treatment WIth M Javamca SC extract SC was extracted by gentle agItatIon of 1 mrM 

Javamca J2 for 1 hour at 25 C, m a 2-ml solutIon of 1 % SDS dIssolved In PBS/2 The reactIOn mIxture 

contamed the followmg protease mhibitors 1 mM Pefabloc (Boehrmger Mannhelm, Germany), 1 mg/ml 

leupeptm (BoehrInger) and 0 1 mM N-tosyl-2-phenylalanIne chloromethyl ketone (TPCK) (SIgma 

CIiemical Co , St LoUIS, MO) Nematodes were then pelleted by centnfugatIOn at 250g and the superna

tant was filtered through a 0 2-mm cellulose- acetate membrane (CornIng, ComIng, NY) The detergent 
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was finally excluded from the supernatant by overnIght dIalysIS agamst dIstIlled water at 15 C, or by 

usmg Detergent Absorber Gel (Boehnnger) Protems were concentrated by lyoplulIzatIOn 

Pasteuna penetrans spores were blocked for 1 hour wIth 1 % bovme serum albumm (BSA) dIssolved 

m PBS and then washed wIth PBS Half of the blocked spores were mcubated at 25 C for 1 hour WIth 

the SDS-SC extract, protem concentratIOn was 300 mg/ml accordmg to Bradford (4) The other half of 

the spores were mcubated m PBS and served as a control 

Labelling a/nematodes wIth antIbodIes Polyc1onal antIserum was produced m mIce mJected WIth 

SDS-extracted SC protems AntIserum from nommmune mIce was collected as well Nematodes were 

first blocked for 1 hour at 25 C wIth 1% BSA dIssolved In PBS/2, washed wIth 0 1% BSA (washmg 

solutIOn) and then mcubated for 1 hour at 25 C WIth the antIserum (Immune or nommmune), dIluted 

1 500 m the washmg solutIOn After waslung three tImes WIth the washmg solutIOn, some of the 

nematodes were used for spore attachment assays and the others were further labelled to visuahze 

antIbody-bIndIng under a lIght mIcroscope Nematodes were Incubated for 1 hour mal 200-diluted 

solutIOn of gold-conjugated secondary anttbody (goat antI-mouse IgG, 5-nm partIcles, BIOCell, CardIff, 

UK), washed wIth the washmg solutIon and dIstIlled water, and then exposed to a SlIver-enhancement 

solutIon (BlOC ell) for 5 to 15 mmutes unttllabelhng could be vlsuahzed under a hght mIcroscope To 

VIsualIze nematodes by scanmng electron mICroscopy (SEM), 12 were labelled as descnbed, except that 

the exposure to sIlver-enhancmg solutIOn was reduced to 2 mmutes Non-treated nematodes or 

nematodes treated wIth one of the followmg reagents nommmune serum, secondary antIbody, or stiver 

enhancement solutIOn, served as controls SlIver enhancement was not performed for transmISSIon 
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electron mIcroscopy (TEM) Non-treated nematodes or nematodes treated wIth eIther secondary 

antIbody or norummune serum served as controls 

Scanmng and transmISSIOn electron mIcroscopIes For SEM, labelled J2 were fixed for 2 hours m a 

solutIOn of2 5% (v/v) glutaraldehyde dIssolved mOOS M cacodylate buffer, pH 7 5 Nematodes were 

then washed m the cacodylate buffer and senally dehydrated In ethanol (10% Increments) 

Cntical-pomt-drymg and gold-coatmg were performed, and nematodes were observed In a Jeol 

GSM-T330A mICroscope 

For TEM, labelled and fixed J2 were post-fixed for 3 hours at 

25 e wIth 1 0% (v/v) osmIUm tetroxIde m 0 05 M cacodylate buffer and rmsed three tImes With PBS 

Washed speCImens were transferred to 08% agarose blocks and senally dehydrated methanol (10% 

mcrements) Uranyl acetate (2% w/v for 1 hour) was mcorporated at the 70% ethanol dehydratIOn stage 

SpeCImens were embedded m Epon by conventIonal procedures, and sectIOns approxlmately 600-nm 

thIck were cut, mounted on fllckel grIds, exammed m a Jeol JEM Iooex tnlcroscope and photographed 

The effect of ethanol dehydratIOn on antIbody labellmg was exammed by exposmg ethanol-treated 

nematodes to sIlver-enhancmg solutIOn and comparmg these to antIbody-labelled nematodes whIch had 

trot been processed for electron mICroscopy The observatIons were made under a lIght mICroscope 

Re.Mllts 

Factol S affectmg spore attachment I Detergents Less spores adhered to" the surfaces of deter

gen:tHreated 12 than to those of non-treated J2 (Table 1) When SDS-treated J2 W~ kept at 25 e for 2 
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days, the mtensity of spore adheslOn was the same as that recorded for the non-treated 12, whereas no 

adheslOn of spores was recorded wIth the SDS-treated J2 kept at 4 C for 2 days (Table 1) 

II Carbohydrates Less spores adhered to 12 pretreated WIth fucose or a-methyl mannosIde, except 

for the head reglOn where no mhibition was recorded (Table 2) Galactose, glucose, 

N-acetylgalactosamme and N-acetylglucosamme pretreatments, on the other hand, dId not sIgmficantly 

affect the mtensity of spore adheslOn as compared to the non-treated 12 (Table 2) 

III Lectms Pretreatment of J2 WIth Con A or WGA reduced spore attachment, WIth Con A, the 

reductlOn recorded m the head reglOn was mmor but sIgmficant (Table 3) 

IV SC extract and anflbodles Pretreatmg spores WIth SDS-SC extract or pretreatmg J2 WIth 

antIbody agamst the 250-kDa polypeptIde caused a reductlOn m spore attachment to 12 surfaces, the 

attachment profiles followed much the same pattern as that observed WIth the lectms (Tables 4 and 5) 

Scannmg and transmiSSIOn electron mIcroscopies By SEM, the 250- kDa antigen was detected on 

the transverse annulatIons (FIg IA) and lateral alae (FIg IB), I e over most of 12 surface except for the 

head reglOn, where labellIng was barely recorded (FIg IC) 

The labellmg pattern recorded by TEM was SImIlar to that observed by SEM, labellmg was not 

umform over the entIre surface, but restncted to the center of the alae and to the transverse annulatlOns 

(FIg 2) The preparatIve ethanol-dehydratlOn step for TEM dId not affect labelhng, as confirmed by 

lIght mICroscopy 
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DISCUSSIOn 

Several mechamsms are probably Involved In the P penetrans adhesIOn process (1), for Instance, 

studIes conducted recently on phYSIOchemIcal aspects suggest the Involvement of electrostatlC and 

hydrophobIc InteractIOns In spore bIndIng (1) 

In thIS work we demonstrate the Involvement of the SC layer In P penetrans spore attachment to the 

surface ofM Javamca J2 stnppIng this layer With detergents (Without affectIng nematode ViabIlIty), or 

pretreatment of spores With an extract of this layer, reduced spore attachment (Tables 1,4) The 

recovery of spore bmdmg at an optImal temperature after 2 days IndIcates that the reductIOn m spore 

bIndmg IS due to surface removal and not to nonspeCIfic blockage, as claimed by Zuckerman et al (20) 

A SImIlar recovery phenomenon has been observed WIth human red blood cells adhenng to M Javamca 

J2 surfaces (Sharon and Spiegel, unpubhshed) PreVIOUS studies With M Incogmta have revealed that 

only drastIc procedures reduce spore bIndIng (13), for example, DaVIes and Danks (6,7) reported thatM 

Incogmta J2 treatment WIth SDS for 2 hours does not result m less adherence, but In fact mcreases It 

The mvolvement of CRD present on the surface of M Incogmta m P penetrans attachment has been 

preVIOusly suggested by DaVIes and Danks (7) In thIS report, J2 exposed to fucose or to a-methyl 

mannoslde adhered less spores than non-treated J2 (Table 2) These carbohydrate mOIetIes also reduced 

the adherence of human red blood cells to the J2 surface (17) The presence of fucose- and 

mannose-recogmtIOn domams on J2 surfaces was demonstrated usmg gold-labelled neoglycoprotems 

(16) CRDs on J2 surfaces were restncted to the area between the tail and the medIan bulb (16), 

resemblIng the dlstnbutIOn of spores followmg bmdmg InhIbitIon by carbohydrates (Table 2) 
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The CRD on J2 surfaces were related to the C-type group, a Ca ++ -dependent ammallectIn (17,18) 

BIndIng of P penetrans has also been reported to be enhanced by the presence ofCa++ Ions (7), 

suggestIng that such lectms are mvolved In the adheSIOn process AmmallectIns present In other 

orgamsms have been shown to mteract wIth bactenal carbohydrates (11) The presence of carbohydrate 

resIdues such as N-acetylglucosamme, mannose or glucose on the surface of P penetrans was 

demonstrated by fluorescent lectm bmdmg to ItS spores (3,7,13) Such carbohydrate resIdues could be 

candIdates for bmdmg to nematode surface C,RD 

Con A and WGA lectms bmd to the surface of M javamca (16) In thIS study, J2 treated wIth these 

lectms adhered less spores (Table 3), suggestmg the Involvement of surface carbohydrate reSIdues In the 

attachment process BIrd et al (3) reported mhibitIon of spore attachment when both J2 and spores were 

mcubated wIth eIther Con A or WGA However the questIOn of whether thIS mhibition IS due to the 

lectms bmdmg to the J2, the spores or both was not addressed 

The 250-kDa polypeptIde IS one of several components m the M javanlca SC extract, pretreatment 

of J2 wIth an antIbody recogmzmg thIS antIgen reduced spore attachment as compared to non-treated J2 

(Table 5), suggestIng the antIgen's mvolvement m the spore attachment process The mhibitIOn was 

recorded over the entIre nematode surface except for the head regIOn (Table 5), resembhng the antIgen's 

locatIon on the J2 surface, as mdicated by antIbody labellIng (FIg 1) The bmdmg pattern of spores 

pretreated WIth SC extract (Table 4) followed much the same pattern as that observed WIth antIbody 

labelhng, suggestmg that the 250-kDa antIgen's mvolvement m spore attachment IS restncted to almost 

the entire surface, except the head regIOn Moreover, thIS antIgen dId not react WIth neoglycoprotems on 

a western blot (Sharon and SpIegel, unpublIshed data) and can therefore not be conSIdered a CRD 
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Electron mIcroscoPIC observatIOns of the J2 SC layer revealed the 250-kDa antigen's almost 

complete confinement to the center of the annulatIOns (FIg 2), a locatIOn whIch has been prevIOusly 

reported for germ-tube emergence on J2 surfaces (14,15) The simIlanty m these results deserves 

further study 

Electron microscoPIc observatIOns have shown loss of the SC layer m the larvae of the ammal 

paraSIte Toxocara cams as a result of ethanol dehydratIOn (12) In our studIes however, labellmg and/or 

visuahzatIOn of M Javamca J2 SC was not affected by the 'conventIOnal' TEM procedure, because 

ethanol dId not cause tms layer to slough off 
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Table 1 Pasteurza penetrans spore attachment to Me/Oldogyne Javamca 

second-stage Juvemles (J2) as affected by detergent treatments 

Treatment 

Control 

Tnton X-100 

SDSt 

after mcubatIOn at 25 ct 

spores/J2 

208 ± 68 a 

84±46b 

55±39b 

t12 were Incubated for 48 hours 

tSDS = sodmm dodecyl sulfate 

after InCUbatIOn at 4 Ct no Incubation 

spores/J2 

223 ± 5 2 a' 

195 ± 48 a' 

212±56a' 

spores/J2 

185 ± 5 4 a" 

6 4± 56 btl 

62 ±4 7 bl! 

Data are means of25 rephcates Means wIthIn a column followed by a common 

letter are not dIfferent, accordmg to Tukey's HSD (P= 0 05) 
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Table 2 Pasteurza penetrans spore attachment to MelOldogyne Javamca 

second-stage Juvemles (J2) as affected by carbohydrates 

Treatment No of spores/J2 head No of spores/J2 body 

Control 58±25a 168 ± 8 2 a' 

Methyl mannoside 47±22a 97 ± 5 5 b' 

Fucose 62±16a 11 5 ± 48 b' 

Glucose 63±29a 18 7± 9 6 a' 

N-Acetylglucosamme 60±33a 154 ± 7 3 a' 

Galactose 46±20a 150 ± 5 1 a' 

N-Acetylgalactosamme 51±21a 15 1 ± 5 2 a' 

Data are means of25 rephcates Means wlthm a column followed by a common 

letter are not dIfferent, accordmg to Tukey's HSD (P= 0 05) 
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Table 3 PastellrIa penetrans spore attachment to MelOldogyne javamca 

second-stage Juvemles (J2) as affected by lectms 

Treatment 

Control 

WGA 

Con A 

No of spores/J2 head 

76±45a 

52 ± 35 ab 

-32±31b 

WGA = wheat germ aggiutlmn 

Con A = concanavalm A 

No of spores/J2 body 

22 4± 9 7 a' 

142 ± 7 6 b' 

65 ± 4 6 c' 

Data are means of25 replIcates Means witlun a column followed by a common 

letter are not dIfferent, accordmg to Tukey's HSD (P= 0 05) 
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Table -I Paste una penetrans spore attachment to Meloldogyne Javanrca 

second-stage Juvemles (J2) as affected by surface coat (SC) extract 

Treatment 

Control 

SC-treated spores 

No of spores/J2 head 

60±23a 

50±24a 

No of spores/J2 body 

193 ± 9 9 a' 

45 ± 3 1 b' 

Data are means of25 repitcates Means withIn a column followed by a common 

letter are not different, accordIng to Tukey's HSD (P= 005) 

Table 5 Paste una penetrans spore attachment to Meloldogyne Javanrca 

second-stage Juvemles (J2) as affected by antibody raised agamst a 250 kDa-antigen 

Treatment 

Control 

Nommmune serum 

AntIbody 

No of spores/J2 head 

63±34a 

57±23a 

54±29a 

No of spores/J2 body 

14 1 ± 9 4 a' 

10 1 ± 5 7 ab' 

50 ± 49 c' 

Data are means of25 rephcates Means withm a column followed by a common 

letter are not dIfferent, accordIng to Tukey's HSD (P=O 05 
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B Meloulogyne Javamca surface protems CharacterizatIOn and lability 

IntroductIOn 

The presence and charactenzatIOn of carbohydrate-bmdmg protems (CBPs) mammals has been 

mvestIgated mtensIVely over the last few years The 'ammallectms' are classIfied mto several 

groups, one of whIch IS Ca+2 -dependent (C-type) Several mannose-bmdmg protems belong to 

thIS group, whIch can also bmd fucose, glucose and N-acetylglucosamme (glucNAc) (Dnckamer 

& Taylor, 1993) 

Ammallectms have scarcely been reported on nematode surfaces Human red blood cells 

(HRBC) have been reported to bmd to the surface of several plant-parasItIc nematodes, and 

premcubatIOn of MelOldogyne Javamca pre-paraSItIc second-stage Juvemle (J2) WIth a senes of 

carbohydrates mhIbIted thIS bmdmg, whIch was Ca +2 - and Mg +2 -dependent (SpIegel et al 1995) 

HRBC also adhered to nylon fibers coated wlth SC extracted from M Javamca J2 bmdmg de

creased when the nylon fibers were pre-mcubated With fucose or mannose (SpIegel et al 1995) 

These expenments support a workmg hypotheSIS that HRBC adheSIOn mvolves surface carbo

hydrate reSIdues ofHRBC and CBPs on the nematode surface A dIrect labellmg of M Javamca 

J2 surfaces With neoglycoprotems further supported tms hypotheSIS (Sharon & SpIegel, 1996) 

The epIcutlc1e of many nematodes IS covered by a thm layer, charactenzed by a net negatIve 

charge and recogmzed by electron mICroscopy as a fuzzy coatmg ThIS layer has been termed 

'surface coat' (BIrd & BIrd, 1991, Wnght, 1987) Surface coat (SC) mvestIgatIOns have focused 

mamly on ammal and free-hvmg nematodes, and the labIle nature of the SC has been explored 

(Proudfoot et al 1991) In plant-parasItic speCIes, the labIle and tranSItory nature of the SC were 

demonstrated for M Incogmta usmg radI010dmated and bIOtmylated nematodes (Lm & McClure, 
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1996), and wIth AnguIna agrostls where surface protems were replaced after treatments wIth 

proteolytIc enzymes (BIrd & Zuckerman, 1989) In ammal parasItes the SC IS belIeved to have 

an Important role In adaptatIOn and survIVal In paratemc hosts because recogmtIOn of exposed 

surface molecules by the host Immune system can contnbute to development of an effectIve 

Immune response (Kennedy, 1991) In plant-parasItIc nematodes, studIes of the InteractIOns wIth 

theIr parasItes (nematophagous fungI or Pasteurza spp , for example) or other microorgamsms 

(e g Clavlbacter) demonstrated the bIOlogIcal role of the nematode SC m those mteractIOns 

(BIrd, Bomg & BaclC, 1989, DavIes & Danks, 1993, SpIegel & McClure, 1995) Recently It has 

been shown that the SC IS released dunng the InfectIOn process, the SC was detected m mfected 

host tIssues WIth antIbodIes raIsed toM Incognzta SC (Gravato Nobre et al 1995, McClure & 

Gravato Nobre, personal commumcatIOn) 

In thIS paper we descnbe I CharactenzatIons of CBPs and other surface proteIns of a 

plant-paraSItIc speCIes, the root-knot nematodeM javamca, and II The dynamIC propertIes 

attnbuted to the plant-parasItIC nematode SC 

Materials and Methods 

Nematodes 

The root-knot nematode M javamca was propagated on tomato (Lycoperslcon esculentum MIll) 

cv Hasen Etlon m the greenhouse, or aseptIcally m Petn dIshes contammg eXCIsed root cultures 

of tomato Eggs were separated from egg masses wIth sodIUm hypochlonte (05%, 1 mm) and 

hatched In two-fold-dIluted phosphate buffered 0 1 M salme, pH 7 2 (pBSI2) to obtam mfectIve 

J2 that had no dIrect contact wIth host tIssues Unless otherwIse speCIfied, 2- to 3-day-old J2 

were used 
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SC proteins extractIOn 

Protems were extracted wIth sodIUm dodecyl sulfate (SDS) accordmg to a method descnbed 

prevIOusly (See 'first annual report') 

Gel electrophoresIs and western blots 

Analytical- SDS polyacrylamIde gel electrophoresIs (SDS-PAGE) through 4-15% gradIent gels 

was performed m a Mim-Protean II apparatus (Blo-Rad Laboratones, Richmond, CA), usmg 

1 5-mm-thlCk vertIcal slab gels essentlally as descnbed by Laemmh (1970) Pre-stamed molecu

lar-weIght standards (SIgma) were run on gels to destme for electroblottmg 

For western blots, protems were transferred onto mtrocellulose sheets usmg a Gelman SCIenc

es BIOTrance mIdI-apparatus (Ann Arbor, MI, USA) General protem-stammg on blots was per

formed WIth Protogold (BIOCell, CardIff, UK) accordmg to the manufacturers' mstructIOns 

Labellmg of glycoprotems on blots 

Labelhng of glycoprotems was performed usmg gold-conjugated lectms Blots were blocked 

overnIght at 4°C WIth PBS contammg 1 % Bovme serum albumm (BSA) and 0 05% Tween-20 

(blockmg solutIon) and then washed three tImes WIth PBS contammg 0 1% BSA and 0 05% 

Tween-20 (washmg solutIOn) Gold-conjugated Con A and WGA lectms (E Y Laboratones, San 

Mateo, CA, 1 Iml) dIssolved m the washmg solutIOn contammg 1 mM Ca+2, Mg+2 and Mn+2 

Ions, were mcubated for 1 hr at RT WIth the blots Bmdmg speCIfiCIty was venfied by 

pre-mcubatmg the lectms for 30 mm WIth 0 1 M of the appropnate hapten -methyl mannosIde 

for Con A, and glucNAc or chitobIOse for WGA Blots were washed WIth the washmg solutIOn 
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and then dIstllled water and labellIng was vIsualIzed wIth a sllver-enhancmg kit for blots 

(B IOC ell) 

Labellmg of CBPs on blots 

CBPs were labelled on western blots, folloWIng the aforementIOned blockmg and washmg steps 

Gold-conjugated neoglycoproteIns (E Y Laboratones), fucosylated-, mannosylated- and 

glucosylated-BSA, were dIluted to a concentratIOn of 1 Iml In washIng solutIOn contaInIng 

Ca +2 Ions and Incubated wIth the blots for 1 hr at 37°C BSA-gold was used as a negatIve control 

SpecIficIty was venfied by 1 Pre-Incubatmg the blots under the same condItIOns, wIth the 

follOWIng competItive haptens (0 1 M) fucose, -methyl mannosIde, glucose and 

N-acetylgalactosamme (galNAc) or galactose 2 Pre-IncubatIng the neoglycoproteIns wIth the 

appropnate lectms (20 Iml) Ulex europaeus agglutInIn (UEA-I) wIth fucosylated-BSA, and 

Con A wIth mannosylated or glucosylated-BSA 

Labellmg SC protems with blOtm locailzatlOn on J2 and on western blots 

MelOldogyne javamca 12 were mcubated for 15 mIn wIth each one of the followmg bIOtIn 

reagents 1 sulfo N-hydroxysuccimmide (NHS)- bIOtm (pIerce), 2 -ammo caprOIc aCId 

NHS-bIOtm (SIgma) Stock solutIOns dIssolved In 005 M carbonate buffer (pH 9 2) were dlluted 

m PBS/2 to a workmg concentratIOn of 500 Iml Each of these bIOtm treatments was followed 

by washmg the nematodes three tImes WIth PBS/2 contaInmg 0 1 % BSA 

The bIOtIn label was localIzed by mcubatmg nematodes for 2 hr wIth gold-conjugated goat 

antI-bIOtm (I-nm partIcles, BIOCell) dIluted (11100) m the washmg solutIon Non-labelled J2 

whIch were mcubated wIth the antIbodIes served as controls Nematodes were then prepared for 
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light mIcroscopy, usmg the slIver enhancement method, as descnbed m the 'third annual 

report' 

BIOtm-Iabelled prot ems were extracted by bOIlmg the bIOtmylated and non-bIOtmylated 

nematodes m SDS-PAGE loadmg buffer for 15 mm (Malzels et al 1991), followed by VIgOroUS 

centnfugatIOn to pellet the nematodes and collectIon of the supernatant 

Blotm-Iabelled protems were momtored on western blots by the followmg methods Blots 

were first blocked at 4°C, overnIght, wIth 5% skim mIlk m PBS contaImng 0 05% Tween 20, and 

washed (3 x 10 mm) wIth PBS contrumng 0 1% skim mIlk and 0 05% Tween 20 Blots were then 

mcubated eIther wIth 1 Iml streptavldm horseradIsh peroxIdase (HRP) (PIerce) m the washmg 

solution for 1 hr, or for 2 hr wIth antI-bIOtm HRP (SIgma) dIluted 1 1000 m the washmg 

solution WIth both methods, mcubatIOn was followed by washmg tWIce WIth the washmg 

solutIon and finally wIth only PBS LabellIng was VIsualIzed wIth 4-chloro-l-naphthol for the 

streptavldm-HRP A more senSItlve ECL kIt (Amersham LIfe SCIence, Buckmghamshlre, UK) 

was used as a substrate for the antI-bIOtm HRP, to VIsualIze the label on x-ray film 

SC labIlity a DynamICS of HRBC adherence to nematodes' SC 

PreparatIOn ofHRBC and assay performance were accordmg to SpIegel et al (1995) To evalu

ate the effect of J2 age on HRBC adherence, 12 were collected dally for 6 days, and each harvest 

was kept separately at 25°C m PBSI2 The HRBC-bmdmg assay was performed wIth each 

harvest on day 6, 12 used m these assays were pre-mcubated for 1 hr m PBS/2 contrumng Ca +2 

Ions 

b Sc recovery after detergent strlppmg 
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To test the recovery phenomenon, SDS-treated and non-treated speCIes were further Incubated 

for 2 days, at 4°C or at 25°C, and the number of adhenng HRBC was recorded In addItIon, 

nematodes kept at 4°C for 2 days were then transferred to 25°C for another 2 days and the 

number of HRBC adhered to them was also momtored 

To demonstrate SC-proteIn recovery on gels, SDS-extracted J2 were washed thoroughly and 

dIvIded Into two groups for a 2-day InCUbatIOn at 4°C or 25°C, and a further extractIon WIth SDS 

The extracts were then loaded onto SDS-PAGE gels 

Results 

SeparatIOn ofSC extracts by SDS-PAGE 

TYPical SDS-PAGE pattern of the SC proteIns extracted with SDS IS presented In Fig 1, lane 1 

The extraction Yielded bands at 6, 9, 14,22,26, 31,46,49, 58, 66, 80,205 and 250 kDa 

Labellmg of glycoprotems on blots 

On western blots, Con A (data not shown) and WGA (FIg 2) labelled the 6-, 14-,31-,58- and 

66-kDa bands, WGA labelled also the 22- and 26-kDa bands (Fig 2) Pre-treatment of the WGA 

blot wIth glucNAc resulted wIth almost complete mhlbltlon of the labellmg (FIg 2), whIle with 

Con A, labellmg was only partIally Inhibited by -methyl mannosIde (data not shown) 

Labellmg of CBPs on blots 

The labellIng pattern of the SDS-extracted SC on western blots was the same after exposure to 

all neoglycoproteIns tested Labelhng was observed at 14,22,26,58 and 66 kDa (e g 

fucosylated-BSA In FIg 3) PremcubatIOn wIth the appropnate carbohydrates dId not InhibIt or 
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reduce neoglycoprotem bmdmg to the membrane, however, compatIble lectms pre-mcubated 

wIth the neoglycoprotems dId reduce the 

labellmg mtensity of the 14-,22-, and 26-kDa bands wIth fucosylated- (FIg 3), mannosylated

and glucosylated-BSA When Con A was used for mhIbIt1on, a new 31-kDa band appeared, 

probably resultmg from bmdmg of Con A to the SC protem on the blot (see FIg 2) 

BIOtIn labellIng 

The transverse annulatlOns over the surface of second-stage Juvemles, were labelled when the 

nematodes were exposed to the blOtm reagents (e g NHS-blOtm m FIg 4) When 

streptavIdm-HRP was used to trace the blOtm-Iabelled protems on a western blot, the mam la

belhng was observed at 130 kDa m both blOtmylated and non-blOtmylated nematodes Usmg 

antI-blOtm-HRP mstead of streptavIdm-HRP and visuahzmg wIth ECL reagents on x-ray film re

vealed specIfic labellmg at 46 and 49 kDa only wIth the -ammocaprOlc aCId NHS-blOtm (FIg 

5) 

SC lablbty a DynamICs of HRBC adherence 

HRBC dId not adhere to freshly hatched 0- to 24-hr old 12 MaXImum adherence of 12 kept at 

25°C was observed WIth 24- to 48-hr-old J2 and thIS adherence then decreased gradually (Table 

1) 

b SC recovery after detergent-strippIng 

Less HRBC adhered to the surfaces of detergent-treated 12 than to those of non-treated J2 

(SpIegel et al 1995) When SDS-treated 12 were kept at 25°C for 2 days, the mtensity ofHRBC 

adheslOn was the same as that recorded for the non-treated J2, whereas no adheslOn ofHRBC 
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was recorded wIth the SDS-treated J2 whIch were kept at 4°C for 2 days However, when these 

J2 were then transferred to 25°C for 2 days, adhesIOn re-occurred 

The electrophoretIc profile of the SDS-stnpped SC of nematodes kept at 25°C for 2 days was 

much as that of the ongmal SDS-extractIOn's protem pattern, whereas the profile of the 

SDS-stnpped SC of nematodes kept at 4°C for 2 days presented only two bands at 58 and 66 kDa 

(FIg 1) 

DISCUSSion 

In thIS work we charactenzed surface protems on pre-parasItIc J2 of the root-knot nematode M 

javanlca PolItz & PhIhpp (1992) defined surface protems by theIr accessIbIlIty to non-penetrat

mg labellIng methods and theIr abIhty to be solubIlIzed from the cutIcle by mIld extractIOn 

procedures Several methods have been used to charactenze and map SC protems (e g Blaxter, 

1993, Proudfoot et al 1991) After companson WIth other detergents such as 

cetyltnmethylammomum bromIde (CTAB), or N-octylglucoside (data not shown), we deCIded to 

choose the SDS extractIOn method for our analyses because It resulted m more protem fragments 

on an SDS-PAGE whIle havmg no effect on J2 ViabIlIty 

BIOtm denvatIves have been used to detect surface-assocIated protems (SpIegel & McClure, 

1995) Blaxter (1993) reported aVIdm-bmdmg actIVIty m a non-bIOtmylated adult Caenorhabdltzs 

elegans extract A SImIlar phenomenon was observed WIth the blotmylated and non-bIOtmylated 

M javanlca J2 extract usmg a streptavldm conjugate on western blots However, substttutmg an 

antl-bIOtm conjUgate for the streptavidm reagent enabled the detectIOn of speCific labelhng at 46 

an<:i49 kDa These bands appeared also m the SDS SC extractIOn profile shown m FIg 1 
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PrevlOusly It has been shown that surfaces of mtact J2 reacted With lectms and 

neoglycoprotems ('ThIrd Annual Report') These reagents also react on western blots wIth the 

SDS-extracted SC protems (FIgS 2,3), mdicatmg that these labelled protems are part of the 

nematode's surface complex 

On the western blot, the 6-, 9-, 14-,22-,26-,31-,58- and 66-kDa bands could be related to 

glycoprotems because these bands reacted With lectms (FIg 2) SDS-PAGE-separated SC pro

tems of M javamca J2 reacted wIth both Con A and WGA, but only partIal mhibitlOn was re

corded wIth the appropnate haptens 

EVIdence supportmg the presence of CBPs on M javamca's surface has already been present

ed by SpIegel et at (1995), usmg HRBC, further support was later proVIded where J2 were 

exposed to neoglycoprotems and revealed a bmdmg pattern SImIlar to that recorded for HRBC 

('Third Annual Report') In the current report, these neoglycoprotems also reacted WIth the SC 

protem extract on a western blot (FIg 3) 

SC labIlIty has been well-documented m several paraSItIc and free-hvmg nematodes and It IS 

generally accepted that one ofthe blOlogical functIon of thIS feature IS to aVOld detectlOn by the 

host's Immune system (Blaxter et at 1992, Page et at 1992, PolItz & PhIlIpp, 1992) 

ThIs report explores a few aspects of SC labIlIty m J2 of a plant-parasItIc speCIes, M 

javamca The dynamICS ofHRBC adherence to J2 surfaces mdicates changes occumng m the 

SC dunng the Juvemle lIfe HRBC barely adhered to freshly-hatched 0- to 24-hr-old J2 (Table 1), 

mdicatmg that the CBPs are probably absent at thIS early lIfe stage bemg produced only later on 

MaIze1s et at (1987) reported that antIbodIes dId not bmd to freshly hatched Toxocara cams 

larvae Change m the SC dunng the hfe of M Incogmta race 3 J2 was demonstrated by Lm & 

McClure (1996), J2 labelled WIth radlOlodme and blOtm released labeled molecules mto the 

27 



Paste una attachment to Meloldogyne SpIegel et al 

water after 20 hr Incubatlon, IndIcatIng that the surface protems may be loosely attached to the 

nematode Consequently, nematode age and SC labIlIty should always be conSIdered when 

SC-labellmg or extractIon are performed 

The abIlIty of the SC to regenerate after external removal was prevIously demonstrated by 

BIrd & Zuckerman (1989) for Anguma agrostls These authors have shown that the SC can 

regaIn proteIns lost by exposure to proteolytIc enzymes when the phytonematodes are removed 

from these enzymes and gIVen tIme to recover ThIS renewmg abIlIty, WhICh reflects another 

aspect of the SC's tranSItory nature, was demonstrated by us as well Detergent-treatedM 

Javanzca J2 were capable of re-adhenng HRBC after a recovery penod at an optImal temperature 

(2SoC) Nematodes whIch were metabolIcally arrested due to IncubatIon at low temperature 

(4°C) dId not re-produce all the SC components, as IndIcated by the absence ofHRBC bIndmg 

and by the electrophoretIc profile of surface protems extracted before and after InCUbatIOn of J2 

at dIfferent temperatures (FIg 1) ThIS protem profile demonstrates the abIlIty of the SC compo

nents to recover under condItIOns where the nematode IS metabolIcally actIve SC recovery after 

detergent-stnppmg has been demonstrated WIth antIbodIes for Nlppostrongylus brasIllensls by 

Preston-Meek & Pntchard (1991) 

The labIhty ofthe SC IS therefore an actIve, dynanuc, metabohc event on the phytonematode 

surface, a property whIch may enable the nematode to aVOId 'unnecessary' recogmtIOn events that 

mIght lead to reSIstance reactIOns by the plant 
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Table 1 Bmdmg mtenslty of human red blood cells (HRBC) to the outer cutIcle of 

MelOldogyne javanIca second-stage Juvemles (J2) 

Nematodes (12) age 

(hrs) 

0-24 

24 - 48 

48 - 96 

96 - 120 

120 - 144 

144 - 168 

Bmdmg mtenslty 

(Number ofHRBC per nematode ± s e) 

63±16d 

427 ± 55 a 

372 ± 59 ab 

283 ± 48 bc 

198±35c 

14±14e 

Tests were run at room temperature 12 were collected dally, for 6 days, and each harvest was 

kept separately m phosphate buffer 0 1 M sahne, pH 7 2 The HRBC bmdmg assays for each 

harvest were performed on day 6 Bmdmg was recorded 30 mm after mcubatlOn wIth the HRBC 

Ten mdividuais were momtored per well Expenments were repeated at least three tImes WIth 

conSIstent results Means followed by the same letter are not dIfferent, accordmg to Tukey's HSD 

(P == 0 05) 
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The blots ,.ere labelled with gold-conJug'ued 
neogh coprotem~ Lane 1 glucos, lated-bo, me serum 
albumm Lane 2 the neogh coprotem ,\'1S pre-Im,ub'lted 
WIth concan,l\ 11m A before hbelltng the blot \lolecul.lr 
"eIght markers (kO.l) are mdl<..lted 
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Fig 2 \vestern blots of SDS-extracted surface coat 
protems of iVlelozdog}ne )a'Lamca 2nd-stage Juventles 
The blots were labelled '~Ith Lane 1 gold-conjugated 
,.heat-germ agglutmm (\\t GA) Lane 2 pre-treatment 
with 0 1 ,\1 ",Ii -acet) 19lucosamme and then wIth gold
conjugated \\ GA Molecular \\ eight markers (kDa) are 
mdlcated 
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Fig -I- Antenor part of a 2nd-stage JU'. enIle of lHelOldogvne JaT-amca labelled \\Ith sulfo- \ h\drox\ SUCClnlmlde
bIOtin 'v Isuahzed \\ lth gold-conJ ugated antl-blOtm combmed with sih er enhancement 
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Fig 5 \\ estern blots of blOtlDj lated and non-
bIOtin'> lated ;'"VI eloldogyne JaT-amca 2nd-stage Jm em Ie 
extract Lane 1 blOtmvlatlon \Hth sulfo-N
h,drox>succlmmlde (l'.HS)-blOtlD Lane 2 blOtmv!atlOn 
\\Ith c ammocaprOiC aCid NHS-blOtm iVlolecular weight 
markers (kDa) are mdlcated 
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