Journal of Nematology 20(4):609-619. 1988.
© The Society of Nematologists 1988,

Characterization of Carbohydrates on the Surface of
Second-stage Juveniles of Meloidogyne spp.'
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Abstract: Fluorescent conjugates of the lectins soybean agglutinin (SBA), Concanavalin A (Con
A), wheat germ agglutinin (WGA), Lotus tetragonolobus agglutinin (LOT), and Limulus polyphemus
agglutinin (LPA) bound primarily to amphidial openings and amphidial secretions of viable, prein-
fective second-stage juveniles (J2) of Meloidogyne incognita races 1 and 3 (Mil, Mi3) and M. javanica
{Mj). No substantial difference in fluorescent lectin binding was observed among the populations
examined. Binding of only LOT and LPA were inhibited in the presence of 0.1 M competitive
sugar. Structural differences in amphidial carbohydrate complexes among populations of Mil, Mi3,
and Mj were revealed by glycohydrolase treatment of preinfective J2 and subsequent labeling with
fluorescent lectins.

A quantitative microfiltration enzyme-linked lectin assay revealed previously undetected differ-
ences in lectin binding to nonglycohydrolase-treated J2. Preinfective J2 of Mj bound the greatest
amount of SBA, LOT, and WGA, whereas J2 of Mil bound the most LPA.
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The importance of surface carbohydrate
biochemistry in recognition and specificity
between plants and micro-organisms has
been the subject of many recent investi-
gations and several discussions (2,5,7). Al-
though few investigations concerning this
phenomenon have been conducted be-
tween nematodes and plants, surface car-
bohydrates of nematodes have been impli-
cated in recognition between nematodes
and nematophagous fungi (12,35). Surface
carbohydrates of some animal-parasitic
helminths have been characterized and re-
lated to antigenicity and chemoresponse
(4,25). The involvement of surface car-
bohydrate recognition in the specificity of
interaction between nematodes and Pas-
teuria penetrans has also been investigated
(34).

Carbohydrates on biological surfaces ex-
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spp-

ist primarily as glycoconjugates such as gly-
colipids, polysaccharides, and especially as
glycoproteins (23). The carbohydrate res-
idues often consist of monosaccharide mol-
ecules covalently linked in various se-
quences and spatial arrangements (17).
Surface carbohydrate accessibility to po-
tential receptors on other surfaces or as
receptors of chemostimuli may be ob-
scured by attached carbohydrate mole-
cules, as sometimes occurs with sialic acids
in animal systems (30). Enzymatic or in-
organic chemical degradation may reveal
these “masked” carbohydrates. Converse-
ly, enzymes (glycohydrolases) that cleave
specific carbohydrate residues from gly-
coconjugates can remove carbohydrates
from biological surfaces and potentially al-
ter biological interactions. An example of
this latter phenomenon is the apparent loss
of chemosensory perception of Escherichia
coli culture filtrates by the nematodes Cae-
norhabditis elegans and Panagrellus redivivus
after treatment of these nematodes with
mannosidase or sialidase (13).

Lectins, proteins that bind to specific
carbohydrate residues, are excellent probes
for surface carbohydrates (7,18). Several
methods, including lectin probes, have been
used to characterize surface carbohydrates
of a number of free-living and plant-para-
sitic nematodes (12,35). Application of lec-
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tins to soil infested with Meloidogyne incog-
nita (Kofoid and White) Chitwood reduced
the number of nematode-induced galls on
tomato roots, but the function of lectins
was unclear (19).

Several studies have attempted to relate
nematode surface carbohydrates to speci-
ficity in plant pathogenicity (6,8,21,28).
Differences in binding of fluorescent lec-
tins to pathotypes of Globodera spp. and
Meloidogyne spp. were reported (6,8,21).
Lectins labeled with hemocyanin and with
tritium have been used to quantify relative
amounts of carbohydrates on the surface
of nematodes and bacteria, respectively
(20,26). The difficulty in production and
handling of radiolabeled lectins and the
sophisticated equipment required to ob-
serve hemocyanin conjugates on the nema-
tode surface limit the practicality of these
methods. We have adapted a microfiltra-
tion enzyme-linked lectin assay (22,24) to
quantify the amount of lectin that binds to
second-stage juveniles (J2) of Meloidogyne
spp- The objective of this investigation was
to characterize the surface carbohydrates
of preinfective J2 of three Florida popu-
lations of Meloidogyne using selected lectins
and glycohydrolases.

MATERIALS AND METHODS

Populations of Meloidogyne incognita races
1 and 3 (Mil and Mi3) and M. javanica
(Treub) Chitwood (Mj) were maintained in
greenhouse culture on roots of tomato (Ly-
copersicon esculentum Mill. cv. Rutgers) and
eggplant (Solanum melongena L. cv. Black
Beauty). Meloidogyne spp. populations were
identified by female perineal patterns, J2
lengths, and differential plant hosts (29).
Species identifications were also confirmed
by three independent nematode taxono-
mists. Eggs were collected from host roots
with 0.53% NaOCl for 30 seconds (11) and
hatched at room temperature on a Baer-
mann funnel. Preinfective J2 that had
hatched within 48 hours were used as test
organisms in each experiment. A few eggs
were present in each suspension of J2.

Surface carbohydrates of preinfective J2:
Fluorescent lectin probes were used to

identify and locate carbohydrates on the
surface of preinfective J2 of Mil, Mi3, and
Mj. Tetramethylrhodamine isothiocyanate
(TRITC) conjugates of soybean agglutinin
(SBA), wheat germ agglutinin (WGA),
Concanavalin A (Con A), Lotus tetragono-
lobus agglutinin (LOT), and Limulus poly-
phemus agglutinin (LPA) were used (E-Y
Labs, San Mateo, CA). The ratios of ab-
sorbance at 550 to 280 nm were 0.44 for
SBA, 0.55 for WGA, 0.41 for Con A, 0.57
for LOT, and 0.20 for LPA. The specific
(competitive) sugars to which each lectin
binds are listed in Table 1.
Approximately 1,000 J2 of each popu-
lation were suspended in distilled water for
a control treatment. The remaining J2
were concentrated into 2.0 ml of the ap-
propriate buffer by centrifugation at 1,000
g for 3 minutes. Buffer solutions included
0.01 M phosphate-buffered saline (PBS) at
pH 7.2 for SBA, WGA, and LOT; 0.05 M
Tris-saline plus 0.01 M CaCl, at pH 7.5 for
Con A; and 0.05 M Tris-saline plus 0.01
M CaCl, at pH 8.0 for LPA. Approxi-
mately 5,000 J2 of each population were
incubated in lectin-TRITC conjugate (200
ug/ml) for 2 hours at 4 C. Additional treat-
ments included ca. 5,000 J2 incubated in
lectin-TRITC plus 0.1 M corresponding
competitive sugar (Table 1) to inhibit lec-
tin binding, J2 incubated in 0.1 M sugar
plus buffer, J2 incubated in buffer minus
sugar, and J2 incubated in unconjugated
TRITC solution. Treated J2 were trans-
ferred three times to microcentrifuge tubes
containing fresh buffer or water and al-
lowed to settle to the bottom of the tube.
About 500 J2 in final wash solution were
placed on a glass microscope slide and cov-
ered with a cover glass. The edges of the
cover glass were sealed with clear finger-
nail polish. Approximately 50 specimens
from each treatment were immediately ob-
served at 1,000 % under a Zeiss epifluores-
cence microscope equipped with a TRITC
filter. When nematode movement ceased,
ca. 1-3 hours after J2 were mounted on
slides, photographs of selected nematodes
were taken. Each test was repeated twice.
Surface carbohydrates of glycohydrolase-
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treated preinfective J2: Glycohydrolases were
assayed for their effect on the surface car-
bohydrates of Mil, Mi3, and Mj. The gly-
cohydrolases tested consisted of the follow-
ing: a-galactosidase (a-gal) EC 3.2.1.22
from recombinant E. coli, a-L-fucosidase
(e-fuc) EC 3.2.1.51 and 8-N-acetyl-glucos-
aminidase (8-glu) EC 3.2.1.30 from beef
kidney, a-mannosidase (@-man) EC 3.2.1.24
from Canavalia ensiformis, and neuramini-
dase (sialidase) EC 3.2.1.18 from Clostridi-
um perfringens; each was obtained from, and
assayed by, Boehringer Mannheim Bio-
chemicals, Indianapolis, Indiana.
Preinfective J2 were concentrated into
2.0 ml of the appropriate buffer by cen-
trifugation at 1,000 g for 3 minutes. Buffer
solutions included 0.01 M phosphate buff-
er (pH 7.2) for a-gal, 0.05 M sodium citrate
buffer (pH 5.0) for a-fuc, 0.05 M sodium
citrate buffer (pH 4.5) for 8-glu, 0.05 M
sodium citrate buffer plus 1.0 mM ZnSO,
(pH 4.5) for a-man, and 5.0 mM sodium
acetate buffer plus 72.0 mM NaCl and 7.0
mM CaCl; (pH 5.0) for neuraminidase. En-
zyme buffers were formulated at the pH
for optimum enzyme activity indicated by
the manufacturer. Approximately 5,000 J2
of each population were incubated in either
a-gal (1.0 U/ml), a-fuc (0.25 U/ml), g-glu
(1.0 U/ml), e-man (1.0 U/ml), or neur-
aminidase (0.25 U/ml) solution for 18
hours at 37 C. Nematodes were also in-
cubated in enzyme plus 0.1 M correspond-
ing competitive sugar (Table 1) to inhibit
enzyme activity. Control treatments con-
sisted of J2 in buffer alone and J2 in buffer
plus 0.1 M sugar at 37 C for 18 hours.
Nematode viability after treatment with
enzyme buffers under experimental con-
ditions was confirmed by bioassay (6). Gly-
cohydrolase-treated nematodes were
washed three times with the appropriate
lectin buffer, treated with separate lectin—
TRITC conjugates, and observed under
epifluorescence microscopy as described for
nonglycohydrolase-treated J2.
Quantification of lectin binding to preinfec-
tive J2: The quantity of lectin binding to
preinfective J2 of Mil, Mi3, and Mj was
determined using a modified enzyme-linked

lectin assay (22). The modification was the
incorporation of microfiltration proce-
dures (24) to rinse excess lectin from nema-
tode surfaces and reduce background read-
ings. Lectins conjugated with horseradish
peroxidase (HRP) were purchased from
E-Y Labs; they included SBA, Con A,
WGA, LOT, and LPA. The sugar speci-
ficity and corresponding buffer solutions
were identical to those for lectin—-TRITC
assays.

Ninety-six well microfilter plates (SV-96,
Millipore Corp., Bedford, MA) with a 5-um
pore size were incubated with 200 ul 1.0%
bovine serum albumin (BSA) in PBS per
well at 37 C for 2 hours. These plates were
washed three times with PBS on a micro-
filtration apparatus (Millipore Corp.) be-
fore use in the following assay.

Preinfective J2 were incubated in 500 ul
lectin—-HRP solution (200 ug/ml) for 2
hours at 4 C. Control treatments included
untreated ]2 in buffer and 500 ul lectin
solution (200 ug/ml) minus ]2 (lectin wash).
Five 100-ul aliquots from each treatment
(ca. 10,000 J2 suspended in lectin solution)
were placed in separate wells on a micro-
filter plate. Each well was washed five times
with the appropriate lectin buffer on a mi-
crofiltration apparatus. The treated J2 or
lectin wash in each well were suspended in
100 ul buffer and transferred to separate
microcentrifuge tubes. Buffer was added
to 250 ul, and 50 ul suspension was with-
drawn from each tube to quantify the num-
ber of J2 per 50-ul sample. Four 50-ul sus-
pensions of treated J2, untreated J2, and
lectin wash were transferred from each tube
to separate wells on a fresh 96-well micro-
filter plate. One hundred microliters of
peroxidase substrate ([2,2'-azino-di-(3-
ethylbenzthiazoline)sulfonic acid] ABTS)
(Sigma Chemical Co., St. Louis, MO) was
added to each well (31). After 30 minutes
at room temperature in the dark, the so-
lution from each well was transferred to
corresponding wells on a 96-well EIA (en-
zyme immunoassay) plate using a microfil-
tration apparatus to remove J2. Absor-
bance (414 nm) of solution in each well was
determined on an automated microplate
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reader (Model EL309, Bio-Tek Instru-
ments, Winooski, VT). Twenty separate
absorbance values were determined for
each treatment combination.

Absorbance values were compared with
the linear portion of a standard curve pre-
pared for each lectin~HRP conjugate.
Standard curves were prepared by diluting
(1:1, v/v) 50-ul volumes of lectin—-HRP so-
lution across a 96-well EIA plate and add-
ing 100 ul ABTS solution per well. The
quantity of lectin that adsorbed to a single
J2 was determined by dividing the ob-
served lectin—HRP value by the number of
J2 estimated for that sample (ca. 500-2,000
J2). Each test was repeated once.

Hemagglutination assays: The relative
binding capacity of each lectin—TRITC and
lectin-HRP conjugate was determined
through hemagglutination assay (26).
Twenty-five-microliter volumes of lectin
were serially diluted (1:1) with the appro-
priate buffer across a 96-well microtiter
plate. Twenty-five microliters of a 4% sus-
pension of trypsinized, gluteraldehyde-sta-
bilized human type O red blood cells (Sig-
ma Chemical Co.) was added to each well,
except for wells containing LPA. A 4% sus-
pension of gluteraldehyde-stabilized horse
red blood cells (Sigma Chemical Co.) was
used for LPA assays. The greatest dilution
of lectin which exhibited visible hemagglu-
tination (titer) was determined after 3
hours’ incubation at room temperature.
The titer divided by the lectin concentra-
tion of each sample was a measure of the
specific hemagglutination activity of each
lectin conjugate. Similar tests were con-
ducted in the presence of 0.1 M competi-

tive sugar to assess inhibition of lectin bind-
ing activity.

REsULTS

Hemagglutination tests indicated that the
binding capacity of all lectin-TRITC con-
jugates except LPA was relatively strong.
Specific hemagglutination activities of
1,024 (SBA), 512 (Con A), 4,096 (WGA),
2,048 (LOT), and 16 (LPA) units/mg lec-
tin were determined. Hemagglutination
activity of all lectin~TRITC conjugates was
completely inhibited in the presence of 0.1
M corresponding competitive sugar.

Viable, preinfective ]2 were labeled with
lectin~TRITC almost exclusively in the vi-
cinity of the amphidial openings (Fig. la—
c). At times fluorescent lectin labeling ex-
tended outward from these openings, sug-
gesting that carbohydrates occur within
amphidial secretions. Binding of fluores-
cent lectins to any other portions of the
nematode surface was rarely observed, ex-
cept as indicated for several glycohydro-
lase treatments. Nematodes that were ap-
parently nonviable often exhibited strong
labeling of the stylet, esophageal lumen,
and especially the gut region after expo-
sure to lectin—TRITC conjugates (Fig. 1d).
No labeling of viable J2 with unconjugated
TRITC was observed.

Few differences in fluorescent lectin la-
beling were observed among untreated J2
of the Meloidogyne spp. tested (Table 1).
Amphids of Mil, Mi3, and Mj labeled
weakly with SBA, Con A, and LPA and
strongly with WGA and LOT. No binding
of TRITC-conjugated Limax flavus agglu-
tinin (LFA, sialic acid-specific) to J2 was

e

Fic. 1. Binding of fluorescent (rhodamine) lectin conjugates to Meloidogyne spp. second-stage juveniles (J2)
and egg. 2) Strong amphidial (§A) fluorescence of M. incognita race 3 (Mi3) labeled with Lotus tetragonolobus
agglutinin. b) Binding of wheat germ agglutinin (WGA) to amphidial secretions (AS) of M. javanica (Mj) after
a-galactosidase treatment. ¢) Weak amphidial fluorescence (WA) of M. incognita race 1 (Mil) labeled with
Limulus polyphemus agglutinin. d) Fluorescence of dead (D) vs. living (L) Mil J2 after soybean agglutinin
treatment. €) Fluorescent cuticle (FC; note annulation) and amphidial ducts (AD) of Mj labeled with Concanava-
lin A after J2 exposure to a-galactosidase. f) Binding of WGA to egg shell (ES) of Mi3. (Note: Incandescent
light provided to enhance J2 image in a—d results in artifactual cuticular glow. True labeling of J2 cuticle by

fluorescent lectin is presented in e.)
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Tasre 1. Binding of fluorescent lectins to preinfective second-stage juveniles of Meloidogyne incognita races
I and 3 (Mil, Mi3), and M. javanica (Mj) incubated in lectin solution + competitive sugar.

Mil Mi3 Mj
Lectinf Competitive sugar — Sug + Sug — Sug + Sug — Sug + Sug
SBA D-galactose ++ ++ + + ++ ++
WGA  N-acetyl-D-glucosamine +++  +++ +++  +++ ++++ ++++
Con A D-mannose ++ ++ ++ ++ ++ ++
LOT L-fucose +++ NF +++ NF +++ NF
LPA N-acetylneuraminic (sialic) acid ++ NF ++ NF ++ NF

Epifluorescent microscope observations: + = very weak amphidial fluorescence; ++ = weak amphidial fluorescence; + ++
= strong amphidial fluorescence; ++-++ = very strong amphidial fluorescence; NF = no fluorescence.
T Soybean agglutinin (SBA), wheat germ agglutinin (WGA), Concanavalin A (Con A), Lotus tetragonolobus agglutinin (LOT),

and Lunulus polyphemus agglutinin (LPA).

observed in preliminary tests (unpubl.), and
binding of LPA-TRITC to J2 was not ob-
served until viewed with an improved flu-
orescence microscope light source (50-watt
mercury lamp; Carl Zeiss, West Germany).
Inhibition of lectin binding in the presence
of the appropriate competitive sugar was
observed only for LOT and LPA. All lec-
tins tested bound to egg shells of Mil, Mi3,
and Mj (Fig. 1f), and binding was not in-
hibited in the presence of corresponding
competitive sugar.

Differences in lectin labeling among the
populations of Meloidogyne tested were ob-
served after J2 were treated with various
glycohydrolases (Table 2). Lectin labeling
of J2 treated with glycohydrolases was
compared to labeling of J2 incubated in
enzyme buffer minus glycohydrolase. In
most cases, enzyme activity was inhibited
in the presence of the appropriate com-
petitive sugar, except where indicated.

Treatment of J2 with a-gal eliminated
binding of SBA-TRITC to the amphids of
Mj and Mil, but not to amphids of Mi$3.
Binding of LOT-TRITC to the amphids
of Mj was reduced by treatment of J2 with
a-gal. The cuticle on the anterior half of
the body of Mjand Mil labeled weakly with
Con A-TRITGC, with fluorescence of body
annulation growing weaker from head to
midbody (Fig. le). In Mj, enzyme activity
was not inhibited in the presence of 0.1 M
D-galactose. Similar cuticular labeling was
not observed for J2 of Mi3 treated with
a-gal; however, binding of Con A-TRITC

to the amphids of Mi3 was eliminated.
Binding of LPA-TRITC to the amphids
of J2 was unchanged on Mj, increased on
Mil, and eliminated on Mi3 after treat-
ment with a-gal.

Treatment of J2 of Mil with g-glu re-
duced binding of WGA-TRITC to am-
phids and promoted binding of WGA-
TRITC to the anterior cuticle of Mil.
Binding of LPA-TRITC to the amphids
of ]2 of Mj and Mil was eliminated by 8-glu
treatment; however, binding of LPA-
TRITC to the amphids of Mi3 increased
after 8-glu treatment.

Binding of SBA-TRITC to the amphids
of Mil and LPA-TRITC to the amphids
of Mj, Mil, and Mi3 was eliminated by
a-man. Binding of LOT-TRITC to the
amphids of Mj was eliminated by treatment
of ]2 with a-man, but a-man activity was
not inhibited by 0.1 M mannose. Amphids
of Mj and Mi3 did not label with Con A-
TRITC after o-man treatment, but Con
A-TRITC did bind to the anterior cuticle
of Mil after treatment with o-man buffer
plus or minus enzyme.

After treatment of J2 with a-fuc, binding
of LOT-TRITC to the amphids of Mj and
Mil was reduced and binding of LPA-
TRITC to amphids of Mj, Mil, and Mi3
was eliminated. Weak labeling of the an-
terior cuticle of Mil with Con A-TRITC
and LPA-TRITC occurred after incuba-
tion of J2 in e-fuc buffer with or without
the enzyme.

Treatment of J2 with neuraminidase
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TasLE 2. Binding of fluorescent lectins to preinfective second-stage juveniles of Meloidogyne incognita races
1 and 3 (Mil, Mi3) and M. javanica (Mj) after incubation in glycohydrolase buffer + glycohydrolase.

Enzyme Mil
and
Lectin —Enz +Enz —Enz + Enz —Enz +Enz
a-galactosidase
SBA ++ NF + + ++ NF
WGA +++ +++ +++ +++ +++ +++
Con A ++ ++, WC ++ NF ++ ++, WC
LOT +++ +++ +++ +++ +++ ++
LPA + +++ ++ NF + +
B-N-acetyl-glucosaminidase
SBA ++ ++ + + + +
WGA +++ ++, WC +++ +++ +++ 4+
Con A ++ ++ + + ++ ++
LOT +++ +++ +++ +++ +++ +++
LPA ++ NF NF ++ ++ NF
a-mannosidase
SBA ++ NF ++ ++ ++ ++
WGA +++ +++ +++ +++ +++ +++
Con A ++4, WC ++, WC ++ NF ++ NF
LOT +++ +++ ++ ++ 4+ NF
LPA ++ NF + -+ NF ++ NF
a-L-fucosidase
SBA ++ ++ +++ +++ ++ ++
WGA +++ +++ +++ +++ ++ +++
Con A ++, WC ++, WC ++4 ++ +++ +++
LOT +++ ++ +++ +++ +++ +
LPA +++, WC wC ++ NF ++ NF
Neuraminidase
SBA NF NF + + + +
WGA +++ +++ +++ +++ +++ 4+
Con A ++, WC ++, WC +++ ++ ++, WC +++, WC
LOT +++ +++ o+ ++ +++ +
LPA ++ NF ++ ++ ++ NF

Epifluorescent microscope observations: + = very weak amphidial fluorescence; ++ = weak amphidial fluorescence; ++ +
= strong amphidial fluorescence; ++ ++ = very strong amphidial fluorescence; NF = no fluorescence; WC = weak fluores-

cence of ]2 cuticle along anterior half of body.
t See Table 1 for key to abbreviations.

partially inhibited binding of LOT-
TRITC to amphids of Mj and Mi3 and
completely inhibited binding of LPA-
TRITC to amphids of Mj and Mil. Neur-
aminidase treatment increased binding of
Con A-TRITC to amphids of Mj but re-
duced binding of Con A-TRITC to am-
phids of Mi3. The anterior cuticle of Mj
and Mil labeled weakly with Con A-
TRITC after incubation in neuraminidase
buffer with or without enzyme.
Hemagglutination tests indicated that the
binding capacity of all lectin~-HRP conju-
gates except LPA was relatively strong.

Specific hemagglutination activities of 512
(SBA), 512 (Con A), 4,096 (WGA), 2,048
(LOT), and 8 (LPA) units/mg lectin were
determined. Hemagglutination activity of
all lectin—-HRP conjugates was completely
inhibited in the presence of 0.1 M corre-
sponding competitive sugar.

To reduce background to negligible
levels, we found that it was critical to in-
cubate the first plate in BSA and transfer
the treated J2 to a clean microfilter plate
before addition of peroxidase substrate.
The reduction in background levels al-
lowed the detection of differential amounts
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TasLE 3. Binding of peroxidase-labeled lectins to
second-stage juveniles (J2) of Meloidogyne incognita races
1 and 3 (Mil, Mi3) and M. javanica (Mj), as determined
by microfiltration assay in two separate experiments.

Picograms lectin per J2t

Lectink Mj Mil Mi3
SBA

Exp.1 4.20 = 0.35 1.36 £ 0.07 0.63 = 0.03

Exp.2 3.63 =021 1.30 +0.09 0.55 + 0.03
Con A

Exp.1 0.66 = 0.04 081 +£0.03 0.62 = 0.04

Exp.2 1.04 = 0.07 0.86 = 0.06 0.70 = 0.04
LOT

Exp.1 9.07 = 1.01 4.79 + 0.35 4.40 + 0.49

Exp.2 6.18 £ 043 4.17 = 0.15 4.33 £ 0.13
WGA

Exp.1 3.42 £ 0.25 0.39 +£ 0.11 0.21 = 0.03

Exp.2 192 £0.10 0.78 £ 0.07 0.54 = 0.07
LPA

Exp.1 1.18 = 0.05 2.31 + 0.07 0.65 = 0.05

Exp. 2 1.25 + 0.07 3.13 + 0.13 0.83 + 0.05

Mean of 20 observations + standard error.

T Picograms lectin divided by the number of J2 (ca. 500—
2,000 J2) estimated for each sample.

¥ See Table 1 for key to abbreviations.

of lectin in microplate wells that contained
lectin-treated nematodes. No peroxidase
activity above background levels was de-
tected among untreated J2 and lectin wash
treatments.

About 10,000 J2 per microplate well
were required at the initiation of each ex-
periment because as many as 75% of the
J2 per well remained in the first microfilter
plate after transfer of washed nematodes
to a fresh microfilter plate for peroxidase
substrate reaction. No J2 were observed in
the wash solution that had passed through
the first microfilter plate. Thus, the num-
ber of nematodes in each sample was de-
termined when washed nematodes were
transferred to the second microfilter plate.

Approximately 500-2,000 J2 per well
were used to quantify the amount of lectin
bound to nematodes after addition of per-
oxidase substrate. Lectins were most likely
bound to the surface of the J2 examined
because microscopic observation of lectin-
treated J2 from samples transferred to per-
oxidase substrate reaction plates indicated

that J2 were intact and viable. Different
amounts of lectin bound to J2 of Mil, Mi3,
and Mj (Table 3). Preinfective J2 of Mj
bound more SBA, LOT, and WGA than
did J2 of Mil or Mi3, and preinfective J2
of Mil bound more LPA than did ]2 of Mj
and Mi3 in two experiments. Populations
of Mi3 bound less lectin than J2 of Mil and
Mj in all tests except the LOT experi-
ments. Preinfective J2 of Mil bound the
most Con A in experiment 1, and J2 of Mj
bound the most Con A in experiment 2.
Considerable differences in the relative
amount of lectin that bound to J2 within
a single lectin-nematode combination were
detected between experiment 1 and ex-
periment 2.

DiscUSSION

Fluorescein isothiocyanate (FITC)-lec-
tin conjugates were not used in fluores-
cence assays because untreated J2 of the
Meloidogyne populations strongly autoflu-
oresced at the excitation wavelength of
FITC. Difficulty with autofluorescence of
C. elegans and P. redivivus at the excitation
wavelength of FITC has also been report-
ed (14). Lectins conjugated with rhoda-
mine (TRITC) fluorophors were more ap-
propriate for our study of lectin binding
to nematodes because untreated J2 did not
autofluoresce when viewed through the
TRITC microscope filter.

It is apparent from our observations that
nematode viability is critical for true la-
beling of nematode surfaces with fluores-
cent lectins. Living (motile) J2 bound flu-
orescent lectin almost exclusively in the
vicinity of the amphidial openings. The en-
tire body of nonviable nematodes flu-
oresced after TRITC-lectin treatment, es-
pecially within the gut region. The
fluorescence of dead J2 was similar to the
enzymatically induced fluorescence of dead
nematodes reported by Bird (3). This phe-
nomenon may have influenced fluorescent
observation of sialyl residues over the en-
tire body of J2 of M. javanica as reported
by Spiegel et al. (32). In our studies, la-
beling of sialyl residues with fluorescent
LPA was relatively weak and confined to
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the amphidial region of viable J2 of Meloi-
dogyne. Because the specific hemagglutina-
tion activity and absorbance ratio (5650 nm :
280 nm) of LPA-TRITC was relatively
low compared with the other lectins tested,
it may be possible that more sialic acid ex-
ists on the J2 surface than can be detected
with fluorescent lectin probes. Lectin bind-
ing to the tail region of M. incognita has
also been reported (20), but we did not
observe this. The binding of fluorescent
lectins to egg shells of Meloidogyne spp. in
our investigations has been reported for
eggs of M. javanica (33).

Only the binding of LOT and LPA to
specific sugars on J2 were substantiated by
competitive sugar inhibition. Soybean ag-
glutinin, Con A, and WGA bind to other
molecular forms of galactose, mannose, and
N-acetylglucosamine, respectively, and
WGA has multiple carbohydrate binding
sites (9). It is possible that the affinity of
SBA, Con A, and WGA for carbohydrate-
specific sites near amphidial openings was
too strong to be inhibited by the compet-
itive sugar solutions used in our assays.
However, the binding of SBA, Con A, and
WGA to amphidial secretions of J2 of Me-
loidogyne spp. may result from binding of
these lectins to hydrophobic ligands (pos-
sibly lipids), as reported elsewhere (27). In-
cubation of J2 in fluorescent SBA, Con A,
or WGA in the presence of 1,8-anilino-
naphthalenesulfonic acid plus or minus
competitive sugar may confirm the pres-
ence of hydrophobic binding because the
hydrophobic and carbohydrate binding
sites are independent of each other (27).
The direct binding of unconjugated
TRITC to surface lipids of J2 was not ap-
parent in our assays because J2 did not flu-
oresce after incubation in unconjugated
TRITC.

The greater intensity of fluorescent la-
beling by LOT and WGA conjugates may
be due to their relatively higher binding
capacities. Lack of differential lectin la-
beling among nonglycohydrolase-treated,
preinfective J2 of Mil, Mi3, and Mj makes
it difficult to extrapolate a potential role
of constitutive surface carbohydrates in the

specificity of pathogenicity (16). Lectin
binding substances were concentrated,
however, and sometimes emanated from
the amphidial region of J2 of Meloidogyne;
this binding has also been reported for in-
vasive juveniles of pathotypes of potato-
cyst nematode and other populations of
Meloidogyne (8,21). Because the head re-
gion is the portion of the nematode body
around which some postinfectional, in-
compatible plant responses occur (10,15),
it may be possible that carbohydrates in
amphidial secretions of postinfectional J2
affect plant-nematode interactions.

Differences in lectin binding among pop-
ulations of Meloidogyne that were not de-
tected in our assays with fluorescent lectins
were detected by microfiltration enzyme-
linked lectin assay. Variability in estima-
tion of the number of J2 per sample most
likely influenced the quantitative differ-
ences in lectin binding to J2 detérmined
among Mil, Mi3, and Mj and between ex-
periments 1 and 2. If this were a major
influence, however, standard errors should
have been greater than those calculated for
each experiment. The quantitative differ-
ences in lectin binding detected in these
experiments could have been due to the
production of carbohydrates in amphidial
secretions of J2 of Meloidogyne as reported
here and elsewhere (21). Differences be-
tween experiments 1 and 2 may be due to
the handling and relative age of the groups
of J2 used in separate experiments. The
rate of production of amphidial secretions
and the amount of amphidial secretion (if
any) lost through the initial centrifugation
or microfiltration wash remains unknown.
Loss of excess amphidial secretion was not-
ed in preliminary lectin~TRITC assays
when centrifugation was used for all nema-
tode washes, but this occurrence was in-
consistent (unpubl.).

Results of experiments involving glyco-
hydrolases suggested that carbohydrates
located in the amphidial region of J2 may
occur in complexes and that these com-
plexes may be structurally different among
Meloidogyne populations. The inability of
enzymes to alter carbohydrate residues on
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some nematode surfaces may be a reflec-
tion of the substrate specificity exhibited
by glycohydrolases (1). Enzyme treatment
did reveal cuticular carbohydrates (espe-
cially mannose, glucose, or both) on the
anterior half of some J2, and sialyl residues
were often removed from J2 amphids by a
number of different glycohydrolases. This
may indicate that sjalic acids are some of
the outermost residues present in amphidi-
al carbohydrate complexes of J2 of Meloi-
dogyne. Whether surface carbohydrate
changes similar to those reported for gly-
cohydrolase treatments occur once Meloi-
dogyne ]2 enter plant roots is unknown. Al-
terations in the structure of carbohydrate
complexes or relative quantity of specific
carbohydrates in amphidial secretions of
Meloidogyne J2 may influence nematode
host-finding and recognition of invasive J2
by receptors in specific plant genotypes.
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