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Antibodies from Chicken Eggs as Probes for Antigens 
from Pasteuria penetrans Endospores 1 

S. Y. CHEN,  2 J. CHARNECKI, 3 J. F. PRESTON, 3 D. W. DICKSON, 2 AND J. D. RIcE 3 

Abstract: The  bacteria Pasteuria spp. have been  identif ied as a m o n g  the mos t  promis ing  o f  several 
microbial  organisms current ly  u n d e r  investigation as biological control  agents  of  plant-parasitic nema-  
todes. As part  o f  ou r  goal to develop me t hods  to discriminate isolates of  Pasteuria penetrans with different 
hos t  preferences,  we investigated the  potential  o f  developing ant ibody probes  to identify endospores  of  
different  isolates o f  P. penetrans. Polyclonal IgY antibodies were raised in chickens against  endospores  of  
P. penetrans isolates P20 and  P100. Hens  were injected with P20 or  P100 endospore  suspensions  and  
boosted at 14 days. Anti-spore titers were de t e rmined  with ELISA on  yolk extracts o f  individual eggs as 
a func t ion  o f  time. The  h ighes t  titers were found  in eggs p roduced  at 22 to 35 days after initial injections. 
Yolk extracts showing the h ighes t  titers were combined  and  processed to provide partially purif ied IgY 
preparat ions.  SDS-PAGE a n d  i m m u n o b l o t  analyses identified protein  ant igens  with M r values of  23-24, 
46, and  57-59 KDa c o m m o n  to bo th  P20 and  P100 endospores .  O n e  protein  an t igen  with an  M~ value 
o f  62 KDa was un i que  to the  PI00 endospores .  T he  IgY antibodies reduced  the  a t t achmen t  o f  Pastcuria 
endospores  to their nema t ode  hosts, indicating ant ibody interact ion with ant igens  on the  endospore  
surface that  are involved in the  recognit ion and  a t t achmen t  processes. 

Key words: antibody, ant igen,  bacter ium, biological control,  ELISA, endospore ,  immunoblo t ,  Meloido- 
gyne ar~naria, Meloidogyne incogwita, Meloidogynejavanica, Pasteuria penetrans, protein,  root-knot nematode ,  
SDS-PAGE. 

Pasteuria spp. comprise a group of  endo- 
spore-forming bacteria that parasitize nema- 
todes. Pasteuria penetrans, the best known 
m e m b e r  of  this genus, parasitizes root-knot 
nema todes ,  Meloidogyne spp. (Sayre and  
Starr, 1985). Some reports show that P. pen- 
etrans suppresses nematode  populat ion den- 
sities below economic  damage levels when 
e n d o s p o r e  densi t ies  increase  over  t ime 
(Bird and Brisbane, 1988; Chen et al., 1996; 
Dickson et  al., 1994; Minton  and  Sayre, 
1989; Oos tendorp  et al., 1991; Weibelzahl- 
Fulton et al., 1996). 

Other  Pasteuria species include P. thornei 
Starr & Sayre (Starr and Sayre, 1988), which 
parasitizes Pratylenchus spp., and Pasteuria 
nishizawae Sayre, Wergin, Schmidt, & Starr 
(Sayre et al., 1991), which parasitizes Het- 
erodera and Globodera spp. In recent  taxo- 
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nomic  studies of  the bacter ium,  isolates 
f rom Heterodera goettingiana (Sturhan et al., 
1994), Belonolaimus longicaudatus (Giblin- 
Davis et al., 1995), and Mesocriconema orna- 
turn (Hewlett and Dickson, pers. comm.) are 
considered undescribed species. 

The  delimitation of  Pasteuria spp. is based 
mainly on host ranges and on morphology 
of  endospores.  Many observations of  Pasteu- 
r/a spp. endospores associated with a wide 
variety of  soil nematodes,  including those 
most important  to agriculture, suggest that a 
large number  of  species remain to be iden- 
tiffed and described (Sayre and Starr, 1988). 
It is not  clear to what extent  isolates within a 
species differ genetically, physiologically, 
and taxonomically, so new approaches are 
needed  to aid in defining species. 

Studies on the a t tachment  of  P. penetrans 
endospores to the nematode  cuticle show 
that many isolates vary in their specificity for  
certain nematode  species and populations 
(Davies et al., 1988; Hewlett and Dickson, 
1993; Oos tendorp  et al., 1990; Sayre and 
Starr, 1988; Sfirling, 1985). The  mechanisms 
involved in the a t tachment  are poorly un- 
derstood. Proteins may be involved in at- 
tachment  (Davies et al., 1992; Persidis et al., 
1991). A lectin with ligand-binding proper-  
ties similar to wheat germ agglutinin inhib- 
ited a t tachment  of  endospores  of  P. pen- 
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etrans to nematodes,  implicating a recogni- 
tion of N-acetyl-D-glucosamine residues on 
the surface of  the host (Bird et al., 1989; 
Davies and  Danks, 1993; Persidis et  al., 
1991). Polyclonal antibodies raised in rab- 
bits against endospores f rom the PP1 isolate 
of  P. penetrans were used to detect  antigens 
involved in a t t achment  of  endospores  to 
nematode  cuticles (Davies et al., 1992; Dav- 
ies and Danks, 1993; Persidis et al., 1991). 
These antibodies have been  used to identify 
a n u m b e r  of  prote in  bands resolved with 
SDS-PAGE. 

The  objective of  this work was to evaluate 
chicken eggs as a rapid and conven ien t  
source of  antibody probes for antigens spe- 
cific to the endospores of  P. penetrans. This 
study describes the preparat ion of  antibod- 
ies (IgY, alias IgG) (Ambrosius and Hadge, 
1987, Leslie and  Clem, 1969), d i rec ted  
against endospores f rom P. penetrans isolates 
P20 and P100 and application of  these anti- 
bodies to detect  antigens f rom endospores  
of  P. penetrans. 

MATERIALS AND METHODS 

Isolates of Pasteuria: Two isolates of  P. pen- 
etrans were tes ted--P20 with a host prefer- 
ence for M. arenaria race 1, and P100 with a 
hos t  p r e f e r ence  for  Meloidogyne incognita 
race 1 and M. javanica. Isolate P20 was ob- 
tained f rom M. arenaria race 1 from a pea- 
nut  field in Levy County, Florida, and P100 
f rom Meloidogyne sp. f rom Pasco County, 
Florida (Oos tendorp  et al., 1990). Speci- 
mens of  both isolates are being maintained 
as greenhouse  cultures and stored in dry 
sand in the laboratory. 

Purification of endospores: Second-stage ju- 
veniles of  M. arenaria race 1 and M. incognita 
race 1 were exposed to endospores of  P. pen- 
etrans isolates P20 and P100, respectively 
(Hewlett  and Dickson, 1993). They  were 
then  inocula ted on to  tomato cv. Rutgers 
seedlings and placed in a greenhouse.  After 
55 days the plant roots were collected and 
incubated overnight in Cytolase PCL 5 (Ge- 
nencor  International,  Rochester,  NY) and 
washed vigorously on  an 800-pm-aperture 
sieve nes ted  on  a 250-pm-aper ture  sieve 
(Dickson et al., 1970). The  females and  

plant  debris were washed into a count ing 
dish and the endospore-filled females were 
hand-picked, washed, and then crushed in 
de ion ized  water. Th e  mix ture  of  female  
body parts and endospores  was washed on 
an 8-pm-aper ture  nylon filter; the endo-  
spores that passed through were collected 
and cent r i fuged  (microcent r i fuge)  for  5 
minutes. For analysis of  cross-reactive anti- 
gens, the pellet containing the endospores  
was suspended in 1 ml of  a saturated solu- 
tion of  sodium diatrizoate. This suspension 
was injected into the bot tom of  an 8-ml lin- 
ear gradient  (0.2 M to 0.8 M) of  sodium 
d ia t r i zoa te  an d  c e n t r i f u g e d  at 15,000g 
(BeckmanJS-13 ro tor  at 10,000 rpm) for 30 
minutes at 20 °C. A single band  at a position 
60% from the meniscus was removed with a 
syringe and  di lu ted  to m o re  than three  
times the original suspension volume with 
deionized water; the endospores  were then 
collected following brief  centrifugation in a 
microfuge.  The  endospores  were washed 
two times with deionized water by centrifu- 
gation, resuspended in deionized water, and 
counted  with a hemocytometer .  The endo- 
spore suspension was evaluated with an op- 
tical microscope to assess purity and proper-  
ties of  the endospores ,  and  s tored  in a 
refrigerator at 4 °C. These p u r i f e d  endo- 
spores were evaluated in an enzyme-linked 
immunosorbance  assay (ELISA) or were ex- 
tracted to p repare  dena tu red  prote in  for 
comparison by SDS-PAGE and immunoblot-  
ring. 

Polyclonal antibody preparation: The  poly- 
clonal antibodies were raised in White Leg'- 
ho rn  hens against endospores  of  P. penetrans 
isolates P20 and  P100. Endospores  were 
passed through a 25-pm-aperture sieve be- 
fore injection. Aqueous endospore  suspen- 
sions of  P20 at 4 x 105 endospores /ml  and 
P100 at 4.5 x 105 endospores /ml  were pre- 
pared. Each hen  was injected with 720 pl of  
the endospore  suspension in the wing (sub- 
cutaneous) and 320 pl of  the endospore  sus- 
pension in the footpad. Two hens were used 
for each P. penetrans isolate. A boost  injec- 
tion was given 14 days after the initial injec- 
tion. The  eggs laid by the hens were col- 
lected every day following the initial injec- 
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t ion and  s tored  at 4 °C unt i l  used. To 
identify the time for maximum antibody for- 
marion, eggs collected every 3 to 5 days were 
individually extracted and analyzed for titers 
against immobilized endospores.  The  intact 
egg yolks were removed and rinsed with 0.1 
M sodium phosphate  buffer. The  yolk f rom 
each egg was lysed in 60 ml of  0.1 M sodium 
phosphate  buffer, pH 7.6, and stirred for 30 
minutes. The activity of  antibodies in 1/100 
dilution of  the yolk suspension in PBST (10 
mM sodium phosphate  buffer, pH 7.6, 0.9% 
sodium chloride, and 0.2% Tween 20) was 
de te rmined  by enzyme-linked immunosor-  
bance assay (ELISA). Egg yolks containing a 
high level of  antibody activity were collected 
as a pool, and the IgY fraction was purified 
following the procedure  described by Pol- 
son et al. (1985). The activities of  the IgY 
fract ions were de te rmined  by ELISA. 

General procedure of ELISA: Each well of a 
96-well microti ter  plate was coated with 50 pl 
of  10 ppm poly-L-lysine (Sigma, St. Louis, 
MO) in PBS (10 mM sodium phospha te  
buffer, pH 7.6, 0.9% sodium chloride) for  2 
hours at room tempera ture  and washed with 
PBS four  times. The  gradient-purified endo- 
spores were delivered to those wells desig- 
nated to receive antigen. To each of  the re- 
maining wells, 50 pl of  PBS was added. After 
incubat ion for 2 hours at room tempera- 
ture, the plates were washed in PBS four 
times, fixed with 100 pl of  0.25% glutaralde- 
hyde for 3 minutes, washed with PBS four  
times, and incubated with blocker  (1% bo- 
vine serum albumin, 0.02% sodium azide, 
and 0.1 M glycine) for  2 hours at room tem- 
perature  or overnight at 4 °C. The  plates 
were then washed with PBST four  times. De- 
pending  on the titer of  the antibody, appro- 
pr ia te  di lut ions of  IgY an t ibody  samples 
were then added. The plates were incubated 
at r o o m  t e m p e r a t u r e  fo r  2 h o u r s  and  
washed with PBST four  times. To each well, 
75 tal of  1/2,000 dilution of  an alkaline phos- 
phatase conjugate of  rabbit anti-chicken IgG 
(Sigma) in PBST was added and incubated 
for 2 hours at room temperature.  The  plates 
were washed four  times with PBST. To each 
well, 75 pl of  0.1% ~ni t rophenyl  phosphate  
di(Tris)  salt solut ion (Sigma) in 0.05 M 

Na2CO3:0.05 M Na2HCO3:0.0005 M MgC12 
was added. The  reaction was moni tored  by 
reading  the absorbance at 405 n m  on a 
Model 2550 EIA Reader (BioRad, Hercules, 
CA). 

Determination of activities of IgY in yolk ex- 
tracts: Excepting the antigen-minus control  
wells which received PBS, 50 pl of an endo- 
spore suspension (isolates P20 or P100) of  
2.5 × 105 endospores /ml  in PBS was added 
as antigen. Yolk suspension was centrifuged 
with a microcentrifuge for 2 minutes before 
dilution and assay. From each sample, 100 pl 
of  supernatant  of  yolk suspension diluted in 
PBST was added to appropriate wells. 

Determination of activities of purified IgY: 
Samples of  IgY extracted f rom egg yolks 
were diluted to 1,000, 3,000, 9,000, 27,000, 
and 81,000 times in PBST, vortexed, and 
cent r i fuged with a microcentr i fuge for  2 
minutes. The  activity of  IgY in the superna- 
tant of  each dilution was de termined  follow- 
ing the procedure  described above. 

Cross-reactivities of anti-P20 and anti-PlO0 
IgY on P20 and PIO0 endospores: Each of  the 
two IgY isolates (anti-P20 and anti-P100) was 
tested on  Pasteuria P20 and P100 endo-  
spores. The  following two ELISA procedures  
were used: 

Procedure 1: This p rocedure  was designed 
to compare  P20 and P100 endospores for 
recognit ion of  antibodies after adsorption of  
endospores  onto wells. Each of  the two an- 
tibodies, anti-P20 and anti-P100, were tested 
on endospores of  P. penetrans P20 and P100. 
Following the general p rocedure  of  ELISA, 
endospore  suspensions (50 pl) were added,  
starting with a concentrat ion of  5 × 105 en- 
dospores /ml ,  and continuing with a series 
of  1:1 (v/v) dilutions. Plated antigens were 
exposed to antibody as a 1/10,000 dilution 
in PBST. 

Procedure 2: This procedure  was designed 
to compare  the propert ies of  P20 and P100 
endospores to adsorb antibodies in the fluid 
phase. Each of  the two antibody prepara- 
tions, anti-P20 and anti-P100, were tested on  
endospores of  P. penetrans P20 and P100. A 
50-pl volume of  an endospore  suspension 
(P20 for anti-P20 or P100 for anti-P100) was 
added to wells of  a microti ter  plate. A series 
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of microfuge tubes was prepared containing 
630 1~1 of 1:1 dilutions of endospore suspen- 
sion in PBST, starting with 5 x 105 endo- 
spores/mt. To each, 70 pl of a 1/1,000 dilu- 
tion of antibody was added. The endospore 
suspension was incubated with the antibod- 
ies for 1 hour (anti-P20) or 3 hours (anti- 
P100), and then centrifuged in a microcen- 
trifuge for 2 minutes. Wells coated with 50 lal 
(1.25 x 104) endospores in PBS were then 
exposed to 100 pl preadsorbed or unad- 
sorbed IgY antibody preparations. 

Assay for attachment of endospores to nema- 
todes: Second-stage juveniles (]2) of M. are- 
naria race 1 and M. javanica were hatched 
from eggs obtained from greenhouse cul- 
tures on tomato. Nematode suspensions of 
about 400J2/ml were made in PBST. Endo- 
spore suspensions of P20 and P100 were 
made in PBST to 2 x 106 endospores/ml. 
Three dilutions (1/100, 1/500, 1/5,000) of 
IgY antibodies each of anti-P20 and anti- 
P100 were prepared in PBST. To each well 
of three columns of row A to G of a 96-well 
microtiter plate, 25 pl of an endospore sus- 
pension (P20 or P100) was added. To each 
well of a row (A to F) of the three columns, 
25 pl of an antibody dilution was added. 
PBST without antibodies was added to row G 
as a control  The plate was incubated at 
room temperature for 2 hours before add- 
ing 50 pl of a J2 suspension to each well. The 
number of endospores attached per J2 was 
counted under an inverted microscope at 
×400 magnification after incubation on a 
shaker for 3 hours. 

SDS-PAGE analysis and immunoblot of pro- 
teins: Protein analysis was carried out using 
polyacrylamide gel electrophoresis (Laem- 
mli, 1970) with a 12% separating gel. Pasteu- 
ria penetrans endospores (6 × 105) were 
placed in sample buffer (50 mM Tris/HC1, 
pH 6.8, 2% SDS [w/v], 10% glycerol Iv/v], 
0.0025% bromophenol blue [w/v], and 2% 
[3-mercaptoethanol Iv/v]) and boiled for 5 
minutes at 100 °C (Davies et al., 1992). 
Sample lanes included prestained molecular 
weight markers (Bio-Rad). Following elec- 
.trophoresis at constant 25 ma, gels were 
electro-blotted to PVDF membranes (Milli- 
pore, Bedford, MA) for protein visualization 

by immuno-detection with IgY antibodies di- 
rected against P. penetrans endospores and 
alkaline phosphatase-conjugated secondary 
anti-lgY antibodies (Sigma). 

Statistical analyses: Linear regressions were 
performed to compare the curves of cross- 
activities of IgY on P. penetrans. Dilution 
numbers were transformed with log10 (X + 
1) before analysis. Duncan's multiple-range 
test was performed to compare the means of 
endospores attached to J2. 

RESULTS 

Two hens (140-1 and 140-2) injected with 
P20 endospores and one hen (140-6) in- 
jected with P100 endospores yielded high 
levels of anti-spore activities, whereas a sec- 
ond hen (140-5) injected with P100 yielded 
a low level of activity. The activity increased 
rapidly after a boost injection. The highest 
level of anti-spore activity was observed in 
yolk from eggs laid at days 20 to 35 (Fig. 1). 

A total of 45 ml of purified anti-P20 IgY 
preparation was obtained from 18 eggs laid 
by hen 140-1 between days 15 to 32; 25 ml of 
purified anti-P100 IgYwas obtained from 19 
eggs laid by hen 140-6 between days 22 to 34. 
The activities of purified IgY are illustrated 
in Fig. 2. Anti-P20 and anti-P100 IgY prepa- 
rations exhibited similar high titers with sur- 
face antigens of P. penetrans P20 and P100 
endospores, respectively. 

Based upon ELISA, P20 and P100 endo- 
spores demonstra ted comparable cross- 
reactivities with anti-P20 and anti-P100 IgY 
preparations (Fig. 3A,B), indicating pre- 
dominant surface antigens are shared by 
both endospore types. The anti-P100 anti- 
bodies were more active in recognizing both 
P20 and P100 endospores than were the 
anti-P20 antibodies (Fig. 3A). 

As shown in the immunoblot following 
SDS-PAGE (Fig. 4), both antibody prepara- 
tions recognized a number of proteins re- 
leased from each endospore type following 
denaturation in 2% SDS and 2% [3-mercap- 
toethanol. Antigens common to endospores 
from both P20 and P100 that were recog- 
nized by the anti-P20 antibodies included 
those with Mr values of 23, 59, 80, and 141 
KDa (Fig. 4A). Common antigens recog- 
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FIG. 1. Time course for the formation of  IgY anti- 
spore activities. A) Two hens  (hen 140-1 and hen  140-2) 
were injected with endospore  suspension (4 x 105 en- 
dospores /ml  in water) of  Pasteuria penetrans isolate P20; 
720 1~1 into the wing and 320 11[ in the footpad. A boost  
injection followed 14 days after the initial injection. Net 
absorbance (405 nm) was recorded 30 minutes after 
addition of  the substrate in ELISA. B) Two hens (hen 
140-5 and hen  140-6) were injected with endospore  sus- 
pension (4.5 x 10 a endospores /ml  in water) o f  P. pen- 
etrans isolate P100; 720 pl into the wing and 320 pl in 
the footpad. A boost  injection followed 14 days after the 
initial injection. The absorbance was recorded at 3 
hours (hen 140-5) or  30 minutes (hen 140-6) after ad- 
dition of  the substrate p-nitrophenyl phosphate  di(Tris) 
salt solution. 

nized by anti-P100 antibodies have M,. values 
of 24, 46, 57, 69, 80, 93, 113, 125, and 141 
KDa (Fig. 4B). The anti-P100 with the 
higher avidity detected an antigen with an 
M r of 62 KDa, seen only in the P100 endo- 
spores. Neither antibody preparation de- 
tected protein antigens in the 10-pg protein 
extracts derived from the M. arenaria host 
(Figs. 4A,B, lane 4). 

After incubation of endospores with anti- 
body, both anti-P20 and anti-P100 reduced 
the number of endospores attached to J2 
(Table 1). The mean numbers of P20 endo- 
spores attached per J2 of M. arenaria race 1 
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]FIG. 2. Activities of  purified IgY preparations. Anti- 
P20 IgY was extracted from yolk laid by hen 140-1 be- 
tween days 15 to 32 after initial injection. Anti-P100 IgY 
was extracted from yolk laid by hen 140-2 between days 
22 to 34. The absorbance (405 nm) was recorded at 30 
minutes after addition of  substrate (p-nitrophenyl phos- 
phate di(Tris) salt solution). 
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FIG. 3. Cross-reactivities o f  anti-P20 IgY and anti- 
P100 IgY on endospores  of  Pasteuria penetrans isolates 
P20 and P100. A) Procedure 1. A series of  dilutions of  
P. penetrans endospores  was added  to wells of  ELISA 
plates. Endospores that at tached to the plates were in- 
cubated with a 1/10,000 dilution of  purified IgY. Ab- 
sorbance was recorded at 1 hour  (P20 endospores)  or 2 
hours (P100 endospores)  after addition ofsubstrate  (p- 
nitrophenyl phosphate  di(Tris) salt solution). B) Pro- 
cedure 2. IgY solution (1/10,000 dilution of  purified 
IgY) was incubated with a series of  dilutions of  P. pen- 
etrans endospores  for 1 hour  (anti-P20 IgY) or  3 hours 
(anti-P100 IgY). The levels of  IgY after the incubation 
were de termined  by ELISA using 50 pl o f  a Pasteuria 
(isolates P20 or P100) endospore  suspension of  2.5 x 
105 endospores /ml  for each well. The percentage re- 
duction of  absorbance was based on the control. 
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FIG. 4. SDS-PAGE and immunoblo t  analysis of  denatured antigens extracted from endospores of  Pasteuria 
penetmns. A) Detection with a 1:5,000 dilution of antibody against P20 endospores. B) Detection with a 1:5,000 
dilution of antibody against Pl00 endospores. Lane 1: prestained markers (ST) with M,. values of 18.5, 27.5, 32.5, 
49.5, 80, and 106 KDa; lane 2: 20-pl extract from 2 x l0 p P20 endospores; lane 3: 20-pl extract from 2 x l0 p P100 
endospores; lane 4: 20-pl extract from uninfected Meloidogyne arena~¢a females containing 10 pg protein (Ma). 

were 1 to 5 when the endospores were incu- 
bated with anti-P20 or anti-P100 IgY, com- 
pared to 19 endospores/J2 in the control. A 
consistently larger number  of  endospores of  
P100 attached to M. javanica J2 than oc- 
curred  with P20 at taching to M. arenaria 
race 1. The mean  numbers  of  P100 endo- 
spores attached to J2 of  M. javanica were 20 
to 30 when the endospores were incubated 
with anti-P20 or anti-P100 IgY, compared  to 
68 endospores /J2  in the control. No differ- 
ences were observed between the anti-P20 
and anti-P100 IgY, or  among  the three dilu- 
tions, on endospores  f rom either P20 or 
P100. 

DISCUSSION 

Chickens are a useful source for antibod- 
ies against P. penetrans endospores. Three of  

the four hens injected with P. penetrans en- 
dospores p roduced  a high level of  anti-spore 
antibody. It seems that one booster injection 

TABLE 1. Effect of IgY on number  of endospores of 
Pasteuria penetrans (isolates P20 or P100) attached to 
second-stage juveniles (,12) of Meloidogyne arenaria race 1 
(Mal) or M. javanica (Mj). 

Antibody Dilution P20 + Mal P100 + Mj 

Anti-P20 

Anti-PlO0 

Control 
(without 
antibody) 

1/200 3 . 5 ± 3 . 4 b  a 20 .6±13 .3b  
1/1,000 1 . 3±1 . 2b  22 .1±10 .4b  
1/10,000 3 . 7 ± 1 0 . 1 b  21 .6±10 .6b  
1/200 5 . 3 ± 6 . 4 b  27 .6±17 .5b  
1/1,000 5 . 4 ± 8 . 2 b  22 .9±14 .2b  
1/10,000 1 . 5±1 . 6b  29 .9±10 .2b  

19 .3±12.5a  68 .3±37 .7a  

a Mean + standard deviation, n = 15. The same letters in a 
column indicate no significant difference at P -< 0.01 according 
to Duncan's multiple-range test. 
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is necessary to p roduce  a high titer. The  
relative ease of  using eggs versus serum as 
well as the low cost of  animal  main tenance  
also are impor tan t  advantages. 

In the cross-reactivity assays based upon  
ELISA, bo th  anti-P20 and  anti-P100 antibod- 
ies bound  to P20 and  P100 endospores.  This 
suggests that  these two antibodies shared an- 
tigens on the surface of  the endospores.  The  
dena tu red  antigens with M r values of  23-24, 
46, and  57-59 KDa, de tec ted  in extracts  
f rom both  P20 and P100 endospores  with 
anti-P100 antibody, are similar to the sizes of  
those detec ted  in o ther  laboratories (Davies 
et al., 1992; Persidis et al., 1991). The  anti- 
gen with M r of  62 KDa does not  cor respond  
to any previously repor ted.  The  antigenic 
proteins  with M r values of  24 and  57 KDa 
f rom the P100 endospores  that  were reactive 
with bo th  the anti-P20 and  anti-P100 anti- 
bodies may account  for  the cross-reactivity 
seen by ELISA, and  may be the basis for the 
infectivity of  c o m m o n  hosts (Oos tendorp  et 
al., 1990). T h e  ant igen with M r 62 KDa, 
which was found  only in the P100 endo-  
spores, may be a c o m p o n e n t  that  confers a 
p re fe rence  for  a part icular  host, and  is being 
carefully evaluated with respect  to distribu- 
tion on endospores  derived f rom different 
nema tode  species. 

Reduct ion of  a t t achment  of  endospores  
to J2  indicated that  at least some o f  the an- 
tigens were involved in recogni t ion of  endo- 
spores to the nematode .  Concentra t ions  of  
IgY at a dilution of  1/10,000 display a block- 
ing activity similar to that  seen at h igher  IgY 
c o n c e n t r a t i o n s .  C o m p l e t e  i n h i b i t i o n  o f  
e n d o s p o r e  a t t a c h m e n t  by IgY was n o t  
achieved, suggesting that  chemical  interac- 
tions o the r  than antigen-antibody recogni- 
tion may be involved in the a t t achment  pro- 
cess as well. The  incomple te  inhibit ion seen 
here  is in ag reemen t  with previous studies 
(Davies et al., 1992; Persidis et al., 1991) and  
may be exp la ined  by the involvement  of  
electrostatic and  hydrophobic  forces docu- 
men t ed  by o ther  studies for  the a t t achment  
of  endospores  of  P. penetrans to nema tode  
hosts (Davies et al., 1996; Spiegel et al., 
1996). 

One or more of the antigens detected 

with the chicken polyclonal ant ibody prepa- 
rat ion are candidates for  the recogni t ion 
and  (or) a t t achment  processes impor tan t  for 
the infection of  nematodes  by endospores  of  
P. penetrans. The  large quantity and  high ti- 
ter  o f  the IgY prepara t ion  make feasible the 
fractionation of  specific antibodies th rough  
adsorpt ion to different spore lines. This ap- 
p roach  will be used to obtain more  specific 
probes  to identify those spore proteins most  
i m p o r t a n t  for  recogni t ion  of  and  attach- 
m e n t  to the nematode  host. 
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