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and fragments has also been submit ted  to 
USDANC. 

Origin of cuticular ornamentation. 
Raski and Jones (4) showed that  in 
Bunonema richtersi the raised cuticular 
network of the right side was not part  of the 
cuticle proper,  bu t  that the tubercles were 
an integral part  of the cuticle. T h e  dis- 
similar origins of the network and tubercles 
in B. richtersi are supported by observa- 
tions on B. husseyi. In  B. husseyi, the net- 
work could be rubbed free of the body with- 
out  damage to the nematode,  but  the 
tubercles remained firmly attached. In  
Rhodolaimus dimorphus, both  cuticular 
network and tubercles were easily detached 
fi'om the body. In culture, l iving nematodes 
were frequently seen to lack some tubercles 
but  were still active. Microscopic examina- 
t ion of these indicated that  the tubercles 
had been broken off instead of being merely 
absent. These observations suggest that  the 
tubercles have different origins in the two 
species ment ioned above. However,  deter- 
mina t ion  of the methods of tubercle devel- 
opment  will require comparat ive  studies of 
several Bunonematidae.  
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Partial Characterization of the Cuticle Surface of 
Meloidogyne javanica Females 

S. HIMMELHOCH, D. ORION, and B. M. ZUCKERMAN I 

Abstract: Negat ive  charges on  the  ou te r  cu t icu lar  surface of Meloidogyne javanica females  were 
visualized wi th  electron microscope label l ing techniques .  Evidence is p resen ted  tha t  the  electro- 
negat ive  charge is no t  borne  on  n e u r a m i n i c  acid. R u t h e n i u m  red s ta in ing  indica ted  acid 
mucopolysacchar ides  on the  ou te r  surface. A surface coat, or  glycocalyx, ex te rna l  to the  ou te r  
cuticle m e m b r a n e  was demons t ra ted .  Key Words: fer r i l in  label l ing,  R u t h e n i u m  red s ta ining,  
cuticle surface negat ive charge.  

I N T R O D U C T I O N  

This  paper  reports  on part ial  characteri- 
zation of the outer  cuticular surface of 
Meloidogyne javanica females by electron- 
microscope labell ing and histochemical 
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techniques. T h e  methods follow, in part ,  
those used for examinat ion  of the outer  sur- 
face of Caenorhabditis briggsae (3, 4). 
Previous studies demonstra ted  the distribu- 
tion of negative charges on the surface of 
C. briggsae (5) and that  the negative-charge 
bearing radicals were not  borne on 
neuraminic  acid, hyaluronic acid, or 
glucuronic acid molecules (4). I t  was fur ther  
shown that a glycocalyx was present ex- 
terior to the euticular surface membrane  (4). 

Carboxylic acid groups of sialic acids are 
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responsible for much of the electronegative 
charge on mammalian membranes (12). 
T h e  surface membranes of several animal- 
parasitic helminths are thought  to contain 
sialic acids (8). Those  reports provide the 
rationale for examining the M. javanica sur- 
face for neuraminic acid. 

T h e  present study was undertaken to 
compare the outer  surface of the plant- 
parasitic nematode M. iavanica with that of 
the free-living nematode C. briggsae. 

MATERIALS AND M E T H O D S  

M. javanica was cultured monoxenically 
oil excised tomato roots (Lycopersicon 
esculentum) as described by Dropkin and 
Boone (2). Young females about  3 weeks 
old and swollen females, about  4 weeks old, 
were examined. All experiments described 
below were repeated at least three times. 

Analysis of negative surface charge- 
cationized [erritin: Negative surface charges 
of the nematode outer cuticular surface 
were visualized by t reatment  with a poly- 
cationic derivative of ferrit in (1). T h e  
methods for exposure to cationized ferritin 
were the same as those used for C. briggsae 
(3, 4). Processing for transmission electron 
microscopy (TEM) was by procedures de- 
scribed by Zuckerman et al. (13). 

Sections were cut at 50-90 nm on a 
Porter-Blum ultramicrotome, and micro- 
graphs were taken on a JEM-7 or a JEM-T-7 
electron microscope at 80 kV. Labell ing by 
ferrit in was studied from both  longitudinal  
and tangential sections through the nema- 
tode cuticle. 

Neuraminidase: T h e  reduction of bind- 
ing of cationized ferrit in following 
treatment with neuraminidase is one 
experimental  technique for indicating 
neuraminic acid molecules in membrane 
surface carbohydrates. T h e  general method 
is described by Danon et al. (1). T h e  specific 
procedures in the current  experiments were 
as follows: 

T h e  nematodes were washed twice in 
veronal buffer (pH 7.4), incubated for 60 
rain at 37 C in 500 uni t s /ml  neuraminidase 
(from Vibrio choIerae, Behringwerke AG, 
Marburg, Germany), and washed twice more 
in veronal buffer. T h e n  6 drops of cation- 
ized ferrit in added to nematodes in 0.5 ml 
buffer, and the nematodes were shaken 

gently for 10 min, washed twice more in the 
veronal buffer, fixed in 2% glutaraldehyde 
for 2 hr, and then processed for TEM.  

Control  series consisted of one group of 
nematodes exposed to boiled neuraminidase 
(500 uni ts /ml)  and then treated with cation- 
ized ferritin, and a second group not ex- 
posed to the enzyme and then treated with 
cationized ferritin. Before the tests, the 
activity of neuraminidase was checked 
against red blood cells. 

Colloidal iron: A second method, that 
of labelling surface charges with colloidal 
ferric oxide, was used to reconfirm the inter- 
action of the nematode surface structure 
with positively charged particles. T h e  
labelling technique was that used by 
Marikovsky and Danon (9). T h e  nematodes 
were processed by T E M  by standard pro- 
cedures, and tangential sections through the 
cuticle were examined for colloidal iron 
particles on the mebrane surface. Controls 
with receptor-destroying enzyme (neu- 
raminidase) were prepared in the same 
manner  as in the cationized ferrit in trials. 

Ruthenium red staining: An indication 
of the chemical nature  of the nematode 
outer covering was obtained by staining 
with ru then ium red, a histochemical pro- 
cedure reported to yield high resolution 
localization of acid mucopolysaccharides 
(7). After staining, sections were prepared 
for T E M  and examined as before. 

RES U LTS  

Cationized ferrit in heavily labelled all 
areas of the outer surface except for small 
regions at the base of the annules which 
did not  bind the ferrit in particles (Fig. 1). 
Observations of the ferrit in distr ibution 
made at high magnifications showed no 
tendency for the particles to aggregate (Fig. 
2). Labelling by cationized ferrit in enabled 
visualization of a distinct surface coat, or 
glycocalyx, about  200-300 A thick and ex- 
ternal to the outer cuticular membrane  (Fig. 
1). T h e  outer  surface of the free-living nem- 
atode C. briggsae is also covered by a gly- 
cocalyx (4). 

T rea tmen t  with neuraminidase did not  
reduce the labelling density of cationized 
ferritin (Fig. 3). These results indicate that  
the M. javanica outer  surface does not  con- 
tain exposed neuraminic  acid molecules. 
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FI(;. 1. Meloidogyne iavanica, youn g  female.  T h e  cationized ferr i t in  part icles (arrow) 
appear  at a dis tance of 200-300 ~ f rom the  cuticle m e m b r a n e  (M), ind ica t ing  the  
presence of a glycocalyx exter ior  to the  m e m b r a n e .  Small  areas at  the  base of the  an-  
nules  (U) did not  label. 

FIG. 2. M. /avanica, old female.  T a n g e n t i a l  section t h r o u g h  a por t ion  of the  cuticle 
surface showing  cationized ferr i t in  label l ing (arrow). 

Positive labelling was attained with 
colloidal iron, providing additional evi- 
dence for t h e  negative surface charge of M. 
./avanica. T h e  colloidal iron label was not  
reduced in density by treatment with 
neuraminidase'. T h e  results of the colloidal 
iroh experiments support  results obtained 
with cationized ferritin. 

Staining with ru then ium was positive, 
indicating the presence of an acid mucopoly- 

saccharide in the M. javanica outer surface 
structure (Fig. 4). 

DISCUSSION 

Lumsden (8) discussed evidence in sup- 
port  of the hypothesis that the nematode 
cuticle is a modified cellular component  the 
outer sur[ace of which is a plasmalemma. 
Whether  or not  that  assumption proves 
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FIG. 3. ]~f. javanica, old female.  Section t h r ough  the culicie surf:ice showing  tile 
ferr i t in label at  about  the  same densi ty  (arrow) ~fl'~ev t r ea tmen t  with neuramin idase .  

FIG. 4. M. favanica, y o u n g  female.  Long i tud ina l  section th rough  lhe cuticle showing  
positive s ta in ing  wi th  r u t h e n i u m  red (arrow)• 

true, it forms a convenient basis for corn- habditis, and Protostrongylus are similar in 
paring our findings on the outer surface of that each bears a net negative surface 
M. iavanica and C. briggsae, and findings charge. Hudson and Kitts (5) presented 
on animal parasitic nematodes as exempli- evidence that the negative-charge-bearing 
fled by a sheep parasite of the genus radical in Protostrongylus is borne on 
Protostrongylus. neuraminic acid. In  contrast, our studies 

The  surfaces of Meloidog3,ne, Caenor- indicate that the surfaces of the Caenor- 
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habditis and  Meloidogyne species do no t  
con ta in  exposed n e u r a m i n i c  acid residues. 
N e u r a m i n i c  acid in  the Protostrongylus 
surface m e m b r a n e  possibly represents  an  
a d a p t a t i o n  to life w i t h i n  the a n i m a l  host. 
However,  o ther  evidence indicates  tha t  
n e u r a m i n i c  acid associated wi th  the surface 
m e m b r a n e  of a n i m a l  parasi t ic  h e h n i n t h s  
may be a deposi t  of a n t i b o d y - a n t i g e n  com- 
plexes de r iv ing  f rom the host a n d  no t  the 
parasite.  For  example ,  Smithers  and  T e r r y  
( l l )  reviewed studies d e m o n s t r a t i n g  the 
t ransfer  of surface carbohydrates  f rom host 
cells to schistosomes. A s imi lar  p h e n o m e n o n  
a p p a r e n t l y  occurs in  Ascaris suurn infect ions  
(10). T h u s ,  it is no t  yet cer ta in  tha t  nen-  
r a m i n i c  acid is a na t ive  c o m p o n e n t  of 
n e m a t o d e  membranes .  

T h e  d is t inc t  glycocalyx ex te rna l  to the 
ou te r  cu t icu la r  m e m b r a n e  in  C. briggsae 
(4) a n d  M. /avanica suggests tha t  the ou te r  
surface of fi 'ee-living nematodes  and  p lant -  
parasi t ic  nematodes  is of s imi lar  composi- 
t ion.  Surface coats have been  repor ted  from 
a n u m b e r  of an ima l  parasi t ic  nematodes  
(6). Zucke rman  et al. (14) e x a m i n e d  the 
ou te r  surface of Caenorhabditis in  studies 
us ing  i od ina t ed  p l an t  lectins. I n  those in- 
vest igations:  1) the presence of galactose, 
glucose, m a n n o s e  and  n-ace ty lg lucosamine  
were demons t ra ted ;  and  2) proteolysis ex- 
pe r imen t s  suggested the ahsence of digesta- 
b le  glycoproteins.  Studies are proceeding  on  
Meloidogyne us ing  lect ins  to fu r the r  char- 
acterize the molecu la r  m a k e u p  of the ou te r  
surface. 
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