Electron Microscope Characterization of Carbohydrate Residues
on the Body Wall of Xiphinema index'
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Abstract: The location of carbohydrate moicties on the outer cuticle of Xiphinema index
was cxamined by electron microscopy using several different reagents: a) The periodic acid-
thiosemicarbazide-silver proteinate reaction was used as a general stain for carbohydrates. In
sectioned material it stained the canal system and deeper layers of the cuticle as well as the
outer surface. b) Cationized ferritin at pH 2.5, which identifies carboxyl and sulfate groups,
was used to identify sialic acid residues and also labelled parts of the canal system. c¢) Ferritin-
goat anti rabbit IgG coupled to a DNP ligand was used to label either sialyl or ga'actosyl/N-
acetyl-D-galactosaminyl residues. d) Ferritin hydrazide, a new reagent, was used for the ultra-
structural localization of glyco-conjugates. Reagents ¢) (with appropriate antisera) and d) were
applied only to the outer surfaces of the cuticle; they showed that sialic acid residues were con-
centrated mainly on the outer body wall of the head, the lips, oral opening, amphid apertures,
and outer surface of protruded odontostyles, Ferritin distribution was not altered by pretreat-
ment with neuraminidase. Galactose oxidase treatments revealed galactose/N-acetyl-D-
galactosamine residues along the entire body wall. These results confirmed earlier findings
obtained by fluorescence microscopy. Key words: outer cuticle surface, cuticular canal system,
sialic acid, galactose, electron microscopy, cryoultramicrotomy, cationized ferritin, ferritin

hydrazide.
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During recent vyears, a considerable
body of evidence has accumulated which
indicates that sugar moieties on the cell
surface play a decisive role in intercellular
communication (2) and in host parasite
recognition (5). In a recent study, two
fluorescent labelling techniques specific for
sialic acid, galactose, and N-acetyl-D-galac-
tosamine were used to locate these carbo-
hydrate moieties on the outer body wall
of Xiphinema index and several other
plant parasitic nematodes (9).
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The object of the current study was to
characterize and map glycoconjugates and
other sugar moieties on the surface of the
body wall and in the upper layers of the
cuticle in the plant parasitic nematode X.
index, using four different reagents: a)
periodic acid-thiosemicarbazide-silver pro-
teinate, b) cationized-ferritin at pH 2.5, ¢)
EM modification to the aforementioned
fluorescence techniques, and d) ferritin-
hydrazide.

MATERIALS AND METHODS

Abbreviations: 2,4 dinitrophenyl (DNP);
*N-dinitrophenyl-L-2,4, diaminobutyric acid
hydrazide (DNP-DABH); ferritin hydrazide
(FHZ); periodic acid-thiosemicarbazide-sil-
ver proteinate (PA-TSC-SP); phosphate bui-
fered saline, pH 7.4 (PBS); sodium cacody-
late buffer, pH 7.2 (SCB).

Nematodes: Males, females, and larvae
of X. index were extracted from soil around
fig trees, washed three times with PBS, and
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used immediately or kept at 5 C for no
longer than 3 days.

Chemicals: Cationized ferritin (11.5 mg/
ml) was obtained from Miles Laboratories,
Rehovot, Israel.

DNP-DABH and purified rabbit-anti
DNP were provided by M. Wilchek of the
Weizmann Institute of Science, Rehovot,

Israel.

Emix resin was supplied by Emscope
Laboratories, Ashford, Kent, U.K. Ferritin
hydrazide was provided by E. Roffmann
of the Weizmann Institute of Science.
Ferritin-labelled goat anti rabbit IgG (1
mg/ml) was purchased from Miles Labora-
tories. Galactose oxidase (150 units) was

Figs. 1-3. Xiphinema index cuticle stained with the PA-TSC-SP reaction. (Bar = 250 nm.) 1) Trans-
verse section showing canal system (C) which opens into the grooves in the cuticle. 2) Oblique section. Note
canal system (C) at base of grooves (G). 3) Longitodinal section of juvenile cuticle showing the canal
{C) and double outer membrane between grooves (G).
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purchased from Sigma Chemical Co., St.
Louis, Missouri, USA. Glutaraldehyde,
SCB, osmium tetroxide, and the embedding
medium, Poly/Bed 812, were obtained {from
Poly Sciences. Neuraminidase (560 units/
ml) was obtained from Boehringwerke,

reagents were supplied by BDH Chemicals,
Ltd., Poole, Dorset, U.K.

General sugar characterization: Xiphi-
nema index were fixed in 39 paraformal-
dehyde in 0.1 M PBS for 1 hour, rinsed
three times in PBS, embedded in 19, agar,
and dehydrated in a graded ethanol series.

D

gs. 4-b. Xiphinema index cuticle siained with cationized-ferritin av pH 2.5 for sialic acid and 1la-
belling (X 150,000). 4) Cuticle on side of the head. 5) Transverse section showing canal system (C)
which opens into the grooves in the cuticle. Staining was carried out on ultrathin frozen sections.
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Figs. 6-9. Longitudinal sections of Xiphinema index, ferritin labelled for sialic acid using goat anti
rabbit serum (6.7.8) and fevritin hydrazide (9). 6) Odontostyle. 7) Cuticle on side of head. 8, 9) An-
terior head region.



532 Journal of Nematology, Volume 15, No 4, October 1983

Specimens were transferred through two
changes of propylene oxide and embedded
in Emix (medium) resin. Thin sections
were mounted on plastic-coated gold grids
and stained using PA-TSC-SP reaction fol-
lowing the procedure of Lewis and Knight
(6). Sections were viewed in a Hitachi HS-8
electron microscope operated at 50 KV
using a 50-um objective aperture.

Sialic acid labelling: i) X. index to be
treated with cationized ferritin were fixed
in a mixture of 29 glutaraldehyde and
19/, paraformaldehyde, washed in PBS, in-
filtrated with 0.6 M sucrose in PBS, frozen
in liquid nitrogen, and freeze-sectioned ac-
cording to a modification of the method
used by Tokuyashi and Singer (11). Grids
were floated on 0.1 M glycerine in water
and labelled with cationized ferritin at
pH 2.5 according to Thiery and Ovtracht
(10). Nematode sections were stained with
19, uranyl acetate (pH 7.0), rinsed quickly
with water, and restained with 29 uranyl
acetate. Sections were examined in either
a Phillips 300 or JEM 7 electron microscope
operated at 100 KV. This labelling identi-
fies both carboxyl and sulfate groups. To
verify the specificity of the observed bind-
ing, parallel control experiments were con-
ducted in which frozen ultrathin sections
of human red blood cells were first treated
with neuraminidase for 2 hours at 37 C,
washed four times with PBS, and then ex-
posed to cationized ferritin at pH 2.5.
ii) Nematodes to be reacted with ferritin
goat anti rabbit IgG were suspended in
PBS containing DNP-DABH, hydrogenated
with potassium borohydride, and incubated
with rabbit anti DNP IgG as described pre-
viously (9). The nematode suspension was
washed twice, incubated with ferritin-
labelled goat anti rabbit IgG (1 mg/ml) at
0 C for 30 min, and washed thoroughly
with PBS. Control experiments with differ-
ent reaction combinations which did not
result in DNP coupling failed to induce
this ferritin labelling. No ferritin was ob-
scrved in the presence of unrelated normal
rabbit 1gG instead of rabbit anti DNP IgG.
iii) Nematodes to be labelled with FHZ
were first suspended in PBS at 0 C and 0.5
ml of 3 mM sodium periodate. After 20
min at 0 C, the nematodes were washed
twice with PBS and once with 0.05 M SCB
of PBS. The FHZ solution (0.5 ml) (7)

was added to the suspended nematodes
to give final concentration of 0.5 mg/ml
FHZ, and the reaction was allowed to pro-
ceed for 30 min at room temperature.

To obtain sections through nematodes
treated with ferritin-labelled goat anti rab-
bit IgG or FHZ, specimens were washed
twice with PBS and once with 0.05 M SCB
and resuspended in 0.5 ml of SCB. Gluta-
raldehyde in SCB was added to give a
final concentration of 0.89. After 30 min
at room temperature, the nematodes were
washed twice with SCB and post fixed for
1 hour with 19, osmium tetraoxide in
SCB. The nematodes were dehydrated in
ethanolic solutions (from 509, to 1009)
and embedded in Poly/Bed medium by
conventional procedures. Sections approxi-
mately 500A thick were cut, mounted on
copper grids and examined in a Hitachi
HS8 electron microscope at 50 KV. Ap-
propriate regions were recorded at magnifi-
cations of X 23,000.

D-Galactose and N-acetylgalactosamine
labellings: Nematodes suspended in PBS
(free of Ca'* and Mg') were treated with
galactose oxidase (5 units/ml) for 30 min
at 37 C. After incubation, the nematodes
were washed once with 0.2 M D-galactose,
three times with PBS, and then treated as
described previously for the sialic acid la-
bellings, either by technique (ii) or (iii).
Control experiments in which galactose
oxidase was excluded were run in parallel.

Neuraminidase pretreatment: Prior 1o
sialic acid labelling, 50 units/ ml of neura-
minidase in special salt medium, pH 6.5
(8), were applied to washed nematodes for
60 min at 37 C.

RESULTS AND DISCUSSION

Larvae, males, and females of X. index
were stained by the PA-TSC-S8P reaction. A
positive reaction occurred throughout the
cuticular canal system, which opens into
the grooves of the outer cuticle (Figs. 1,
2): a double outer membrane was observed
between the grooves (Fig. 3). Some sections
were also treated with sodium borohydride
before and after treatment with periodic
acid, but no differences in the staining was
observed. Sodium borohydride applied af-
ter the periodic acid treatment blocked all
staining. Although this staining procedure
is specific for carbohydrates (6), it still re-
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Figs. 10~12. Longitudinal sections of Xiphinema index cuticle labelled for

acts with a wide group of polysaccharides,
mucopolysaccharides, and glycoproteins.
Using cationized ferritin at pH 2.5 enabled
us to restrict the labelling only to carbo-
hydrates carrying carboxyl and sulfate
groups.

galactose. 10) Anterior
head region. 11) Side of head just posterior to amphidial opening. 12) Main body cuticle.

Frozen sections from the head area of
X. index treated with cationized ferritin
at pH 2.5 revealed the same labelling pat-
tern obtained with the PA-TSC-SP reagents
(Figs. 4, 5), suggesting that the components
being stained were mainly mucopolysaccha-
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ride residues (10). Pretreatment with neura-
minidase did not change the pattern of
staining. Control experiments with human
red blood cells, treated with cationized fer-
ritin and not treated with neuraminidase,
were found to be labelled. Pretreatment
with neuraminidase gave no labelling.

Alcian blue (pH 0.5—1.0) was used to
differentiate between the carboxyl and sul-
phate groups (10). No reduction of label-
ling was noticed. We can, therefore, assume
that we are dealing with carboxyl groups.

Ferritin hydrazide and ferritin goat anti
rabbit IgG, after periodate treatment, re-
acted positively with larvae, males, and fe-
males of X. index (Figs. 6-9). These re-
agents (specific for sialic acid) revealed the
presence of this sugar all over the body wall
of the head; ferritin was concentrated
mainly on the lips, oral opening, amphid
apertures, and odontostyle. Farther back
the nematode outer body wall did not
show any ferritin labelling, thus confirm-
ing previous results obtained with fluores-
cent labelled antibody (9). Control experi-
ments, in which sodium periodate treat-
ment or the FHZ reagent was exluded,
were run in parallel and gave no labelling.
The distribution of ferritin was apparently
not altered by prior treatment of the nema-
todes with neuraminidase. This is consis-
tent with the reports of Himmelhoch and
Zuckerman (3) and Himmelhoch et al. (4)
who failed to reduce the labelling density
of cationized ferritin with neuraminidase
on Caenorhabditis briggsae and Meloi-
dogyne javanica, and also agrees with ear-
lier work on X. index using fluorescent
microscopy (9). The inability of the neura-
minidase to reduce the density of the fer-
ritin labelling could be explained if the
major constituent of reactive sialic acid
residues occurs not on glycoproteins but on
glycolipids (e.g., gangliosides), which are
inaccessible to neuraminidase. Neuramini-
dase from Vibrio cholerae has failed to
hydrolyze ganglioside sialic acids on the
cell outer surface, although it acts on iso-
lated gangliosides which contain terminated
sialic acid. It is thought that cell surface
sialolipids are localized within the plasma
membrane in such a way that they are
rendered sterically inaccessible to V. cho-
lerae neuraminidase (1).

Sections from different regions of the

outer body wall of X. index, after treating
the nematodes with galactose oxidase fol-
lowed by the double antibody technique or
the FHZ, exhibited galactose and/or N-
acetylgalactosamine residues along the
nematode outer body wall (Figs. 10-12).
Again, these results are in accordance with
earlier finds obtained with fluorescence
microscopy (9). Control experiments gave
no labellings.

Ferritin staining in the grooves of the
cuticular canal system indicates that the
carbohydrates found on the body wall sur-
face may have been secreted from inner
layers, perhaps as a reaction to the chemi-
cal reagents.
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