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The Immunofluorescent Localization of Subventral 
Pharyngeal Gland Epitopes of Preparasitic Juveniles of 

Heterodera glycines Using Laser Scanning 
Confocal Microscopy 
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Abstract: Laser scanning confocal microscopy (LSCM) was used to localize the reactivity o f a  mono- 
clonal antibody (Sv2) that binds to the subventral pharyngeal glands of preparasitic juveniles of 
Heterodera glycines. The greater resolution, magnification, and image analysis of LSCM compared 
with conventional epifluorescent microscopy enabled Sv2 binding to be localized much more pre- 
cisely to the periphery of the secretory granules. A linear increase of  about 55% in fluorescent 
intensity was found over a 23-~m length of subventral pharyngeal gland just distal to the terminal 
ampullae. LSCM is a rapid and effective technique for precise immunolocalization of epitopes. 
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Cyst and root-knot nematodes possess 
one dorsal and two subventral pharyngeal 
glands that p roduce  membrane -bound  
secretory granules and play a central role 
in parasitism (11,13). In Globodera ros- 
tochiensis, the pharyngeal  glands appear 
not to be involved in hatching, and accu- 
mulat ion of  secretory granules  in the 
glands in response to host root diffusate 
may prepare juveniles for a feeding phase 
after hatching (18). The subventral glands 
in Heterodera glycines are active during es- 
tablishment within roots and may be in- 
volved in the transformation of  the intes- 
tine into an absorptive organ (3). The  tim- 
ing o f  g land  act ivi ty in Meloidogyne 
incognita suggests a role in invasion and mi- 
gration (26). 

Some characterization of  the secretory 
contents of  pharyngeal  gland cells has 
been achieved by histochemistry and mi- 
crospectrophotometry (4), uhrastructural 
cytochemistry (22), and analysis of  secre- 
tions released from animals in aqueous so- 
lutions (11). In recent years monoclonal 
antibodies (MAbs) have been shown to 
have considerable potential as probes for 
the study of  various components of  the 
secretory granules (12). 
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An important step in the establishment 
of a MAb probe is the localization of anti- 
gen binding by indirect immunolabelling. 
Stage-specific MAb reactivity has been de- 
fined in the dorsal and subventral pharyn- 
geal glands of H. glycines (2) and M. incog- 
nita (7) using conventional epifluorescence 
microscopy. Using electron microscopy, 
MAb specificity has been established at the 
ultrastructural level in M. incognita secre- 
tory granules (13). The latter approach of- 
fers much more precise localization than is 
possible using indirect conventional epiflu- 
orescence microscopy but requires com- 
plex sample preparation and does not al- 
low study of in toto mounts. 

Laser scanning confocal microscopy 
(LSCM) is a recently developed technique 
(24) that considerably widens the scope of  
immunofluorescent research (21). It offers 
greater resolution than is possible with 
conventional epifluorescence microscopy, 
while lacking the above-mentioned limita- 
tions of electron microscopy. In LSCM a 
beam of laser light is focused on a single 
point, or voxel. Fluorescence emission ex- 
cited within the voxel is focused onto a 
photo detector. A complete two-dimen- 
sional image is compiled point by point as 
the beam scans across the specimen. As 
only one point in the focal plane is illumi- 
nated with full intensity at any one time, 
contributions to the signal from flare, scat- 
te red  light, and au to f luorescence  are  
greatly reduced. An aperture at a position 
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confocal with the voxel ensures that light 
emitted by any region above or below the 
focal plane fails to reach the detector and 
out-of-focus blur  is virtually eliminated. 
Furthermore,  because the total energy de- 
posited on the specimen is less than in con- 
ventional microscopy, the rate of  fluores- 
cence photo bleaching is reduced (25). 

Noninvasive serial optical sections can be 
obtained up to 500 p~m deep within a spec- 
imen by controlled adjustments to the fo- 
cal plane. This allows the generation of  
complete in-focus 3D data sets (5). Digital 
image processing and image storage allow 
a variety of  complex image manipulations, 
including the generation of  stereoscopic 
images (23) and animated sequences (21). 

We examined the potential of LSCM to 
determine the precise location of  the reac- 
tivity of  Sv2, a MAb previously observed by 
conventional  epif luorescent  microscopy 
and repor ted  to bind to the subventral 
glands of  H. glycines (3). The  two ap- 
proaches were compared to determine if 
the superior resolving ability of  LSCM as- 
sisted by image analysis could provide in- 
formation previously possible only by us- 
ing immunoelectron microscopy. 

MATERIALS AND METHODS 

Indirect immunofluorescent labeling: A flu- 
orescein isothiocyanate (FITC) conjugated 
second antibody was used to visualize the 
antisubventral  gland MAb Sv2 in frag- 
ments of  second-stage juveniles (J2) of  H. 
glycines. The method used was a modifica- 
tion of  that used by Atkinson et al. (2). All 
incubations were in microcentrifugation 
tubes,  and all cent r i fugat ions  were at 
2,000g. 

Freshly hatched (<48 hours old) J2 of  
H. glycines (Ra3) were fixed overnight in 
picric acid formaldehyde (PAF) with 0.1M 
sucrose at 4 C. After fixing, the nematodes 
were centrifuged, the PAF carefully re- 
moved using a Pasteur pipette connected 
to a vacuum pump, and the nematode pel- 
let transferred to a clean glass plate. Using 
a razor blade, worms were cut into frag- 

ments approximately 60 v~m long. Frag- 
ments were then fixed for 5 hours in PAF 
before being washed three times in M9 
buffer. The fragments were incubated in 4 
mg/ml proteinase K (Sigma, UK) for 20 
minutes before freezing at - 5 0  C for 20 
minutes. After thawing, fragments were 
treated for 1 minute in methanol and 2 
minutes in acetone, both at - 2 0  C, then 
incubated in lmM phenylmethylsulphonyl 
fluoride (PMSF) with 2% bovine serum al- 
bumen (BSA) in phosphate buffered saline 
(PBS) for 30 minutes. 

Fragments were washed five times in 
PBS and incubated overnight at 4 C on an 
orbital shaker in primary antibody (Sv2), 
diluted 1:300 in PBS containing 1% BSA 
and 0.2% Triton X-100. Positive control 
fragments were incubated under  the same 
conditions in an antibody that reacted with 
the neuropeptide FMRFamide. Negative 
control fragments were incubated only in 
second ant ibody conjugate.  Fragments  
were recovered  by cent r i fugat ion  and 
washed extensively in PBS. 

Primary antibody was detected by incu- 
bating fragments in FITC-conjugated lgG 
goat anti-mouse (whole molecule) (Sigma, 
UK) diluted 1/300 in Tris buffered saline 
(TBS) with 3% BSA and 0.2% Tr i ton  
X-100 for 5 hours at room temperature. 
Fragments were then washed five times in 
PBS and twice in double-distilled deion- 
ized water. After the final wash, most of  
the water was removed and fragment pel- 
lets were transferred to acetone-cleaned 
multiwell slides (ICN-Flow). Any remain- 
ing water was removed by using a finely 
drawn-out Pasteur pipette connected to a 
vacuum pump. A drop of  anti-quenching 
agent was placed on each well, and slides 
were covered with acetone-cleaned cover 
slips. 

Visualization of bound antibodies: Conven- 
tional epifluorescent microscopy: Specimens 
were  v iewed at magni f ica t ions  u p  to 
x 1,000 using a microscope with an epiflu- 
orescent attachment (Olympus BH-2) fit- 
ted with a 455-nm excitation filter and a 
460-nm secondary  filter. Micrographs  
were taken using a camera  (Olympus 
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OM4) and color reversal film (Kodacolor 
Gold, ASA 400). 

Visualization of bound antibodies: Laser 
scanning confocal microscopy: Specimens 
were viewed using a laser-scanning con- 
focal microscope (Bio Rad MRC-600 se- 
ries). Images were electronically stored 
and manipulated. Prints were obtained us- 
ing a video printer (Sony). Selected prints 
were subsequently analyzed using an im- 
age analyzer (Data Translation). 

RESULTS 

Conventional epifluorescent microscopy: In 
positive controls t reated with the anti- 
FMRFamide pr imary antibody, fluores- 
cence of  neurones was seen at ×400 mag- 
nification. Only nonspecific binding to cut 
ends and autofluorescence were observed 
in negative control fragments that were 
treated with secondary antibody only (not 
shown). 

At low magnification, highly specific in- 
tense fluorescence was seen in the subven- 
tral glands of H. glycines fragments incu- 
ba ted  in Sv2 p r i m a r y  an t ibody  (Fig. 
1A,B,C). Weak cross reactivity to the dor- 
sal gland duct (Fig. 1C) and some autoflu- 
orescence, particularly from the cephalic 
framework (Fig. 1B,C), were observed in 
most fragments. All the fragments exam- 
ined (approximately 100) that contained 
whole  or  par ts  o f  subven t ra l  g lands  
showed a similar pattern of reactivity. At 
x 1,000 magnification, a granular distribu- 
tion of  Sv2 binding was seen in gland lobes, 
although reactivity could not be discerned 
on discrete regions of  granules (Fig. 1D). 

Laser scanning confocal microscopy: The 
greater resolution, magnification, and im- 
age analysis available with confocal micros- 
copy enabled Sv2 binding to be localized 
much more precisely. At low magnification 
both gland lodes, their ducts, and terminal 
ampullae were clearly visible in fragments 
incubated in Sv2 (Fig. 2A). Weak cross re- 
activity with the excretory system was ob- 
served in some fragments (Fig. 2B). Reac- 
tivity was not uniform in intensity, being 
most intense near the point of antibody en- 

try (the cut ends of fragments) and also 
intense in terminal ampullae, regardless of  
their proximity to cut ends (Figs. 1B,2A). 
A profile of  this change in fluorescence 
was generated by image analysis (Fig. 2C). 
It established a linear increase of  about 
55% in fluorescent intensity over a 23-p~m 
length of subventral pharyngeal gland just 
distal to the terminal ampullae. Fluores- 
cence in the ampullae themselves could 
not be quantified because the intensity in 
this region saturated the image. In most 
fragments fluorescence was weak in the 
anterior portion of  gland lobes, and re- 
gions of  antibody binding could not be de- 
fined (Figs. 2A,B). 

At high magnification, numerous gran- 
ules ranging in size from about 0.5 p,m to 1 
p,m were visible in the posterior portion of  
subventral gland lobes. A ring-like pattern 
of fluorescence revealed that Sv2 reactivity 
was confined to the periphery of  these 
granules (Fig. 3A,B). This pattern of reac- 
tivity was confirmed by taking optical sec- 
tions through granules. A series of  longi- 
tudinal  optical sections was also taken 
through the entire width of  glands, with 
little loss of resolution or image intensity. 
These sections established that granules 
were evenly distributed within the gland 
lobes. By electronically combining these 
sections with transverse sections, a 3D im- 
age was generated that could be rotated 
and viewed through 360 C (not shown). 
Optical sectioning t h rough  subventral  
gland ducts revealed a popula t ion  o f  
smaller granules in this region of  less than 
0.5 ~m in diameter, but reactivity could 
not be discerned as being confined to the 
granule periphery. 

DISCUSSION 

The autofluorescence seen in most frag- 
ments, particularly around the cephalic 
f r amework ,  is c o m m o n  in nema todes  
(2,10) and could be distinguished readily 
by color from specific FITC fluorescence. 
Conventional epifluorescent microscopy 
confirmed that Sv2 bound specifically to 
the subventral pharyngeal glands of  J2 of  
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Fx6. 1. A,B,C) Low-power conventional epifluorescent micrographs showing Sv2 reactivity to subventral 
glands of J2 H. glycines, cf = cephalic framework; a = subventral gland ampulla; gl = subventral gland lobe; 
d = subventral gland duct; dd = dorsal gland duct; da = dorsal gland ampullae. D) High-power conventional 
epifluorescent micrograph showing Sv2 binding to subventral gland granules (g) of J2 H. glycines. Scale bars = 
10 p,m. 

H. glycines, with some weak cross reactivity 
to dorsal  pharyngea l  gland ducts and  oc- 
casionally the excre tory-secre tory  system. 
In te r -g land  cross reactivity has been  re- 
por ted  in similar exper iments  with M. in- 
cognita (14), suggesting that there  may be 
some similarities in the antigens recovered  
f rom the  two types of  pharyngea l  glands. 

T h e  e nha nc e d  resolut ion and  magnifi-  
c a t i on  ava i l ab le  wi th  L S C M ,  c o m p l e -  

men ted  by image manipula t ion  software, 
greatly increased the in format ion  available 
f rom the same set of  specimens as those 
used for  conventional  epi f luorescent  mi- 
croscopy. LSCM provided  an overview o f  
Sv2 binding at low magnif icat ion and lo- 
calized reactivity to discrete granule  do- 
mains at high magnification. 

In  the poster ior  por t ion  o f  subventral  
gland lobes, Sv2 was p redominan t ly  con- 
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FIG. 2. A,B) Low-power laser scanning confocal microscope (LSCM) micrographs showing Sv2 binding to 
the subventral glands of  J2 H. glycines, a = ampullae; d = duct; gl = gland lobe; ce = cut end; es = secretory 
system. C) Image analysis of duct (d) and ampullae (a) portion of gland shown in Fig. 2A, showing a linear 
increase in relative fluorescent intensity toward the ampullae. Scale bars 10 p.m. 
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FIG. 3. A,B) High-power LSCM optical serial sections 1 ~m apart  through a subventral gland lobe of a J2 
H. glycines showing Sv2 binding to the outer portion of  secretory granules and the distribution of granules 
within the gland lobe. Scale bar  = 5 ~m. C) High-power LSCM optical serial sections through the ampullae (a) 
and duct region of  a subventral gland of J2 H. glycines, showing Sv2 binding to a population of  granules (g) less 
than 0.5 ~,m in diameter, a = ampullae; ce = cut end. Scale bar = 10 ~m. 
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fined to the periphery of  secretory gran- 
ules. This pattern of  reactivity is unlikely 
to arise merely from the physical exclusion 
from the granule core, as antibodies are 
known to be able to penetrate the interior 
of  secretory granules of  M. incognita (14). 
It seems more likely that it reflects granule 
organization. Ultrastructural studies have 
shown that secretory granules formed in 
this region of  the subventral gland cells of  
preparasitic M. incognita subventral gland 
cell have two distinct domains, a central 
core surrounded by a peripheral matrix 
(13). 

Other studies on various cell systems in- 
dicate that the peripheral region of secre- 
tory granules is important in controlling 
exocytosis (16) and in directed granule 
transport, which may be in association with 
m i c r o t u b u l e s  (15) or  m ic ro f i l amen t s  
(1,20). A microtubule array has been re- 
ported in both dorsal and subventral gland 
extensions (8) and may be part of  such a 
granule transport system. 

Reactivity of Sv2 in the anterior portion 
of  the subventral gland lobes was very 
weak, and it was not possible to localize 
binding in this region. This diminished re- 
acdvity is probably not due to inaccessibil- 
ity to the antibody because the ampullae 
fluoresced very intensely, even when far- 
thest f rom the point of  antibody entry. 

The increase in fluorescence within the 
ampullae of  more than double that in the 
ducts over a distance of only 23 ~m prob- 
ably represents an increase in epitope con- 
centration. It may arise from continued re- 
activity with granules after release of their 
contents, or to reactivity to recycling mem- 
branous vesicles. During exocytosis, gran- 
ule membrane is added to cell membrane 
but is subsequendy recovered by endocy- 
tosis back into the secretory cell (6). The 
resultant empty membranous vesicles may 
be recycled back to the trans Golgi com- 
plex (19). Electron microscopy studies sug- 
gest that this mechanism operates in nema- 
tode pharyngeal gland cells (13). There-  
fore, the high level of  Sv2 reactivity in this 
region could be due to the presence of 
membrane associated with both unspent 
granules and reformed vesicles. 

chariges, in granule size may be related 
to conformational changes associated with 
control of  granule discharge (17). In vitro 
studies indicate that secretory granules 
may undergo repeated cycles of  condensa- 
tion and decondensation without losing 
their original shape (9). We envisage that 
LSCM analysis of  granule size and patterns 
of  MAb reactivity may determine granule 
passage and discriminate between phases 
of  secretory activity, involving predomi- 
nance of either unspent granules or re- 
formed membranous vesicles. 

This work has shown confocal micros- 
copy to be a rapid and effective technique 
f o r  p r e c i s e  i m m u n o l o c a l i z a t i o n  o f  
epitopes. It increases the scope of  nema- 
tode immunofluorescence research and al- 
lows localization of  a MAb to discrete do- 
mains on individual secretory granules. 
The approach provides an improved basis 
for studying changes in granule produc- 
tion and use during invasion, establish- 
ment, and development of  plant-parasitic 
nematodes. 
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