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Summary. The heat stability and periodate sensitivity of the nematode receptors and bacterial adhesins and the solubility of the 
bacterial adhesins involved in the adhesion of Rathayibaeter toxieus to Anguina /unesta and R. tritiei to A. tritiei were examined. 
The data were consistent with R. toxieus having at least two adhesins for A. /unesta, one heat labile and the other heat stable. The 
complementary receptors had a frequency of 50 and 15 %, respectively, for the nematodes tested, and had the opposite heat stabil­
ity. R. tritid appeared to have one heat labile (inactivated by 16 min at 100 °e) adhesin for A. tritiei. The complementary, heat sta­
ble receptor occurred in 100% of the test population. Periodate treatment of either the nematode or the bacterium eliminated ad­
hesion. There was no evidence that the bacterial adhesins were soluble. 

A range of microorganisms can adhere to nematode 
cuticles either as the first step in killing or parasitising 
the nematode, as a source of nutrition, or in using the 
nematode as a vector. These include spores of fungal 
and bacterial endoparasites such as Dreehmeria and Pas­
teuria, nematode trapping fungi such as Arthrobotrys 
(Stirling, 1991) and the fungal and bacterial plant 
pathogens such as Di!ophospora and Rathayibaeter (Bird 
and McKay, 1987; Riley and McKay, 1990; Riley and 
McKay, 1991). Given such organisms have the potential 
to provide the biological control of pest nematodes or, 
in the case of Rathayibaeter, to increase the impact of its 
vector nematode, there has been some research on the 
chemistry of adhesion. 

Treatment of nematodes with heat, period ate, pro­
tease enzymes or surfactants tends to reduce microbial 
adhesion (Bird at a!., 1989; Bird and Zuckerman, 1989; 
McClure and Spiegel, 1991; Jansson, 1993) while carbo­
hydrates and carbolytic enzymes do not (McClure and 
Spiegel, 1991; Jansson, 1993). Similar results have been 
found with treatment of the associated microbes (Bird 
at a!., 1989; Bird and Zuckerman, 1989; McClure and 
Spiegel, 1991; Jansson, 1993; Jansson and Friman 
1999). However, apart from a limited effect of treating 
Rathayibaeter with wheat germ agglutinin (McClure and 
Spiegel, 1991), there have been no investigations of the 
chemistry of the bacterial component of Rathayibaeter­
Anguina interactions. 

To provide further understanding of the bacterial ad­
hesins involved in Rathayibaeter-Anguina interactions, a 
study of the heat stability, periodate sensitivity of ad­
hesins and associated receptors and the solubility of ad­
hesins was undertaken for Rathayibaeter tritiei (Carlson 
et Vidaver, 1982) Zgurskaya et a!., 19931Anguina tritiei 
(Steinbuch, 1799) Chitw., 1935 and Rathayibaeter toxi­
eus (Riley et Ophel, 1982) Sasaki et a!., 19931Anguina 
/unesta Price et al., 1979. 

MATERIALS AND METHODS 

Second-stage juveniles (J2) of A. /unesta and A. tritiei 
were obtained from seed galls from Lo!ium rigidum 
Gaudin (from Damboring, Western Australia) and 
Triticum aestivum L. (from Carnamah, Western Aus­
tralia), respectively. To rehydrate the nematodes, intact 
galls were soaked overnight in separate wells in a 24 
well plate containing phosphate buffer saline (PBS) 
0.02M, pH 7.3 (0.5 ml) at 5 DC. In the case of the Loli­
um galls, the palea and lemma were removed before 
soaking. After soaking, the galls were dissected to re­
lease the J2 and the plant material removed. Dissecting 
instruments were cleaned between each gall. 

To confirm that the resultant nematode suspensions 
were not contaminated with Rathayibaeter spp., which 
can be carried either inside or on the surface of galls, 
the multiwell plates were incubated at 25 DC for 1 h on 
an orbital shaker at 200 rpm. Immediately following this 
incubation, the nematodes in each well were examined 
for clumping, which occurs when adhering bacteria 
cause cross-linkage of the J2, and only J2 from appar­
ently uncontaminated wells were used in the study (only 
a small proportion of A. /unesta samples were found to 
be contaminated). 

A. tritiei J2 were combined, counted and diluted to 
400 J2/ml in PBS and stored at 5 DC until used in adhe­
sion experiments. As the proportion of the A. /unesta 
population receptive to the adhesion of R. toxieus was 
found to be less than 30%, before combining the nema­
todes, subsamples (c. 100 J2) from individual wells were 
tested for adhesiveness. Only wells containing samples 
with 50% or more receptive J2 were combined and di­
luted in the same manner as the A. tritieiJ2. 

Cultures of R. toxieus (CS14) and R. triliei (CS108) 
were grown in a glucose-yeast-casamino acid broth (Ri­
ley, 1987) at 25 DC for about five days depending on the 



Table I. The effect of heat treatment on mean adhesion (measured by clumping reaction) of Rathayibacter toxicus to Anguina /unesta. 

Nematode Bacterial treatment 
treatment (minutes at 100°C) 

(minutes at 60°C) 
0 2 4 8 16 32 

0(n=8-12) Clumping.(%) 50 45 45 45 45 40 15 
Strength -k-k-k 7ck* "'~*'k **7, *-;',"k ** ;, 

15 (n = 4) Clumping.(%) 50 40 10 0 
Strength ;'(;',7, .. ',*-;'1: 'k 

20 (n= 4) Clumping.(%) 45 45 50 45 45 45 
Strength ";';;',;', -.': .. ',7, -;',-1("k --k-k-k ';0',* *,',"k 

30 (n = 4) Clumping.(%) 55 30 20 10 15 5 0 
Strength -1;-10" -10", ,'0'> .,', ;', 'k 

Clumping strength: ;dd, strong; ;,;, medium; ;, low; - Combination not tested 

Table II. The effect of heat treatment on mean adhesion (measured by clumping reaction) of R. tritici to A. tritici. 

Nematode Bacterial treatment 
treatment (minutes at 100°C) 

(minutes at 60°C) 
0 1 2 4 8 16 

o (n=8-12) Clumping.(%) 
100 100 90 70 60 0 
.. ,,** -k,',-k .,',-.',7, * ... '"k ,',7;";', 

Strength 
15 (n=4) Clumping.(%) 

100 40 40 5 Strength **'k *;', ,,;'e'" .. "' 

20 (n=4) Clumping.(%) 100 100 90 80 20 
Strength ,','k* *-1(';', **,', -k -k 

30 (n=4) Clumping.(%) 
Strength 100 75 25 10 5 0 

-k-k .. ", *7"k *.;'( * "i', 

Clumping strength: H;, strong; H medium; ;, low; - Combination not tested 
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growth rate. Cells were harvested by centrifugation 
(3,500 rpm for 15 min), washed twice in sterile PBS and 
diluted to an OD 1.0 at 600 nm for use in adhesion ex­
periments. 

Adhesion assays were conducted in multiwell plates 
with c. 200 J2 per well in 0.5 ml of PBS to which 20 ml 
of bacteria suspension was added. The plates were then 
incubated at 25°C on an orbital shaker at 200 rpm for 1 
h. Immediately following incubation, adhesion was esti­
mated (to the nearest 5%) from clumping of J2 ob­
served under a dissecting microscope (x40) as described 
by Riley and McKay (1990). For any given combination 
of nematode and bacteria, four to eight replicate wells 
were assessed. 

To test the heat stability of the bacterial adhesins, R. 
toxieus and R. tritiei heated for various times from 0 to 
128 min (see Tables I and II for the times used) in a 
boiling water bath (100°C, 5 ml of suspension in a 10 
ml polypropylene tube) or autoclaved for 20 min at 121 
°C were assayed for adhesiveness. The assays were con­
ducted with untreated or nematodes heated for 15, 20 
or 30 min at 60°C (30 min was required to heat kill the 
J2). To examine the effect of periodate on adhesion, 
bacteria and nematodes were incubated separately in 
freshly prepared 0.05M NaI0

4 
at 20°C for 1 h in the 

dark. Treated bacteria and nematodes were washed 
twice in PBS by centrifugation (as described above) be­
fore including in assays in factorial combinations with 
untreated suspensions. To test the solubility of the bac­
terial adhesions, filtered (0.45 mm) supernatants (3,500 
rpm, 15 min) of bacterial suspensions (OD 1.0,600 nm, 
PBS) incubated at 5 and 25°C for 1 and 24 h replaced 
the bacterial suspension in modified adhesion assays (c. 
200 J2 in 100 ml plus 400 ml supernatant). 
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RESULTS 

Table I and II show the effects of heat treatments on 
the adhesion of R. toxieus and R. tritiei to A. /une.rta and 
A. tritiei, respectively. With untreated nematodes and 
bacteria, addition of R. toxieus caused strong clumping 
of about 50% of theJ2 and R. tritiei about 100%. 

Heating of R. toxieus for up to 16 min had a minimal 
effect on clumping. However, heating for 32 min or 
above resulted in reduced clumping (10 to 15% instead 
of 50%). The clumps formed were clearly cross-linked 
and consistent with the reaction associated with adhe­
sion, but were relatively weakly linked compared to un­
treated controls. Examination of these J2 with a com­
pound microscope (x400) revealed much fewer adher­
ing cells than in the controls. Heating of A. /unesta had 
no apparent effect on adhesion of untreated bacteria. 
However, heating the J2 for 15 min or more in combina­
tion with heating R. toxieus for 32 min or more, largely 
eliminated clumping. A partial reduction in adhesion 
with heating of the J2 occurred even for R. toxieu.r that 
had been heated for 8 or 16 min but the response was 
not consistent. 

The response to heat treatment of R. tritiei was less 
complicated. Heating the R. tritiei for 16 min or more 
largely eliminated adhesion irrespective of the treatment 
of the J2. Some decline in clumping was evident after 2 
to 4 min heating of the bacterium. This reduction in ad­
hesion was more pronounced for J2 heated for 30 min. 
However, the heat treatment of the J2 had no effect 
when untreated bacteria were added. 

Periodate treatment (Table III) eliminated adhesion 
with treatment of either the nematode or bacterium in 
both species associations. A low level of clumping seen 

Table III. The effect of sodium periodate on mean adhesion (measured by clumping reaction, n=8) of R. toxieus to A. /unesta and 
R. tritiei to A. tritiei. 

Periodate treatment 

Nematode 

+ 

+ 

Bacteria 

+ 
+ 

+, incubated in 0.05M NaI04 for 1 hat 20 0 C in the dark; - untreated 

R. toxieus 

50 
o 
5 
o 

Clumping (%) 

R. tritiei 

100 
o 
o 
o 

Table IV. Deduced heat stability and frequency of the adhesin-receptor pairs in the interactions between R. toxieus and A. /unesta 
and R. tritiei and A. tritiei. 

Bacterium/nematode Bacterial Nematode Frequency in nematode 
interaction adhesin receptor population (%) 

R. toxieus/ A. /unesta Labile Stable 50 
Stable Labile 10-15 

R. tritici/ A. tritici Labile Stable 100 



194 

with periodate-treated R. taxicus can be attributed to 
non-specific aggregation. 

The filtered supernatants of bacterial suspensions 
gave no clumping response when added to the J2 of ei­
ther Anguina species. 

DISCUSSION 

Since both nematode species remained receptive to 
adhesion by untreated bacteria, regardless of the period 
of heating of the nematode, this indicates that the nema­
tode receptors involved are heat stable, at least within 
the thermal exposure tested. In contrast, adhesion of 
Pasteuria penetrans spores to Meloz'dagYlle javanica was 
reduced by about 60% after the nematode had been ex­
posed to 60°C for 30 min (Bird et al., 1989). In con­
trast, the bacterial adhesins appear to be heat labile, 
with the adhesin in R. tritici being more rapidly dam­
aged than that in R. taxicus. Bird et al. (1989) also 
found that heat treatment (100°C) of P. penetrans for 1 
h reduced its adhesion about 50%. 

Although a heat labile adhesin is indicated in both 
bacterial species, the low frequency but persistent adhe­
sion (even with autoclaved cells) seen in R. taxicus is 
consistent with this bacterium having at least two inde­
pendent adhesins. These heat stable adhesins appear to 
attach to heat labile receptors as heat treatment of the 
nematode eliminates this adhesion. Table IV provides a 
possible interpretation of the results, with at least two 
receptor-adhesin combinations for R. taxicus/ A. /unesta 
and one for R. tritici/ A. tritici. Multiple receptors or ad­
hesins occurring within a population of nematode or 
strain bacterium, respectively, has previously been pro­
posed by Riley and McKay (1990) based on reaction 
seen in factorial combinations of untreated nematode 
populations and bacterial strains. 

Although periodate treatment of A. /unesta and A. 
tritici was known to eliminate adhesion by Rathayibacter 
spp. (McClure and Spiegel, 1991), the periodate-sensi­
tivity of bacterial adhesins had not been tested. This 
study confirms the earlier findings and demonstrates 
that the bacterial adhesions are also periodate-sensitive. 
Therefore, the bacterial adhesins have active sites with 
carbohydrate residues and are likely to be glycoproteins. 

This work provided no evidence that the bacterial 
adhesins are soluble or, if soluble, that they can give 
cross-linking of the nematodes when separated from the 
bacterial capsule. The soluble antigens of intact Rathay­
ibacter cells (Riley, 1987) may not be compounds in­
volved in adhesion. It is probably reasonable to postu­
late that adhesins would be tightly associated with the 
capsule and not readily dissolved. However, adhesin 
may contain only one active site, so may not be able to 
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cross-link nematodes. In which case, their solubility 
could be confirmed by demonstrating a reduction in ad­
hesion of bacterial cells to nematodes pre-treated with a 
bacterial supernatant. 

Although this work provides some additional infor­
mation on receptor-adhesins in nematode-microbe in­
teractions, a full understanding will only come with pu­
rification and characterisation of the compounds. 
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