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Background and main objectives 

After invading roots of host plants the cyst nematode Heterodera schachtii homes in on a 

defined set of procambial cells in the root vasculature and re-programs their developmental 

fate to form a syncytium that nurtures immobile juveniles into adulthood. Syncytium 

formation involves degradation of walls between adjacent pre-syncytial cells, thickening of 

syncytial outer walls and deposition of cell wall ingrowths at the interface between the 

syncytium and the host vasculature. Finally, turgor-pressure together with cell wall modifying 

factors triggers massive expansion of syncytium and leads to hypertrophy of the feeding site. 

Next to nothing is known about syncytial wall biosynthesis, the genes involved and alteration 

in wall composition. It still remains to be elucidated whether syncytial wall in its formation 

and further development exhibits characteristics of primary or secondary cell wall.  

 

The Polish group with Prof. Władysław Golinowski as a scientific leader is highly 

experienced in histological preparations of nematode-infected roots and their anatomical, 

histological and immunological analysis. In course of my short-term scientific mission in 

Warsaw I received an intensive training on immunolocalisation technique including fixation, 
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embedding, sectioning of the nematode-infected roots and visualization of the results. Aside 

of that, I was involved in the maintenance of the stock culture of Heterodera schachtii on 

mustard, as well as other everyday laboratory work. 

 

 

Material and methods 

 

Arabidopsis thaliana 

Seeds of Arabidopsis (Col) were surface-sterilised for 10 min in 5% calcium hypochlorite, 

submerged for 5 min in 70% (v/v) ethanol and subsequently three times in sterile distilled 

H2O. The sterilized seeds were placed into sterile Petri dishes (9 cm in diameter) on a 

modified 0.2 concentrated Knop medium supplemented with 2% sucrose (Sijmons et al., 

1991). Arabidopsis seedlings were grown in a growth chamber at 240C with a 16-h 

photoperiod. 

 

Nematode infection with the beet cyst nematode Heterodera schachtii 

Cysts of H. schachtii were harvested from in vitro stock cultures on mustard (Sinapsis alba cv 

Albatros) roots growing on 0.2x concentrated Knop medium supplemented with 2% sucrose 

(Sijmons et al., 1991). Hatching of juveniles was stimulated by soaking cysts in 3 mM ZnCl2. 

The juveniles were washed three times in sterile H2O. Twelve-day-old roots of Arabidopsis 

plants were inoculated under axenic conditions with approximately 50 juveniles per plant. 

 

Collecting, fixation and embedding of the syncytial material 

Root fragments containing syncytia were cut out 5, 10 and 15 days after infection (dai) and 

transferred immediately for 15 min to MSB buffer (microtubule stabilizing buffer: 50 mM 

PIPES, 5 mM EGTA, 5 mM MgSO4, 10% DMSO, pH 6,9). Further, the syncytia were fixed 

one hour in freshly prepared 3,7% (w/V) PFA (paraformaldehyde in SB buffer). First 10 

minutes were performed in vacuum. Afterwards the root sections were washed 3 times each 

10 min in SB buffer (stabilizing buffer: 50 mM PIPES, 5 mM EGTA, 5 mM MgSO4, pH 6,9) 

and subsequently 2 times x 15 min in PBS buffer (140 mM NaCl, 2,7 mM KCl, 6,5 mM 

Na2HPO4, 1,5 mM KH2PO4, pH 7,3). Then the tissue was dehydrated in EtOH in PBS with 

10 mM DTT. Each of the dehydration steps last 30 min and was performed in 40C. 10%, 30%, 

50% and 70% EtOH buffers were used. Two last dehydration steps were performed for 60 

min each in 96% and 100% EtOH.  
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Next day the root fragments were incubated 120 min in 40C in three buffers that contain: 3:1 

(EtOH + 10mM DTT : BMM), 1:1 and 1:3. BMM resin contains: 50 ml contain: 40 ml butyl 

methacrylate, 10 ml metyl methacrylate and 0,5% (w/v) benzoinethylether. Overnight 

incubation was done in 100% BMM in 40C. Next day the fresh BMM solution was used for 2-

hour-incubation at 40C. Capsules were filled with BMM resin and the fixed root samples were 

placed into the resin for at least 2 hours. For polymerisation the BMM capsules were put into 

a Cryostat under UV light for overnight incubation (20 hours) at -200C. 

 

Sectioning 

Embedded material was serially cut into semi-thin (2-3 µm) sections with a Leica microtome. 

The sections were transferred onto Silane-Prep Slides (Sigma) and incubated overnight on a 

heated plate (380C). 

 

Immunolocalisation 

BMM resin was removed from Silane-Prep Slides by incubation in following acetone 

solutions: 5 min 100% acetone, 10 min 100% acetone, 1 min 50% distilled H2O:50% acetone, 

5 min distilled H2O, 5 min distilled H2O. Preincubation was performed 15 min in 0,01 M 

PBS. Afterwards blocking of the unspecific epitopes was done in 0,01 M PBS supplemented 

with 5% non-fat dried milk for one hour at RT and the slides were washed 3 times in PBS 10 

min each. In the next step, slides were incubated two hours in the primary antibody solution 

(see Tab. 1): 0,01 M PBS and 0,1 M BSA. Afterwards slides were washed twice 15 min in 

0,01 M PBS with 0,05% Tween 20 and finally in 0,01 M PBS only. The incubation with the 

secondary antibody (conjugated with Alexa 488, see Tab. 2) was performed for one hour in 

0,01 M PBS and 0,1% BSA. In the next step, slides were washed twice 15 min in 0,01 M PBS 

with 0,05 % Tween 20 and once with 0,01 M PBS only. Samples were finally counterstained 

with 0,1% Toluidine Blue in PBS for 5 min and washed twice 5 min in 0,01 M PBS. The 

DAPI staining was done in 1:1500 dilution for 5 min. Slides were washed in distilled H2O and 

mounted in Immuno FI medium prior to evaluation of results under the microscope (Olympus 

Provis). In negative controls primary antibodies were omitted. 

 

 

 

 



STSM report, Wieczorek, p 4 

Primary antibody epitope/polysaccharide References 

Pectin 

LM5 (rat mAb) RG I β 1-4 galactan (Jones et al., 1997) 

LM6 (rat mAb) (1-5)-α-arabinan (Willats et al., 1998) 

JIM5 (rat mAb) HGA (low esterified) (Clausen et al., 2003) 

JIM7 (rat mAb) HGA (high esterified) (Clausen et al., 2003) 

Cell wall glycoproteins 

JIM13 (rat mAb) epitope on AGP (Yates et al., 1996) 

JIM14 (rat mAb) epitope on AGP (Yates et al., 1996) 

LM2 (rat mAb) glucuronate on AGP (Yates et al., 1996) 

CCRC-M7 (mouse mAb) epitope on AGP (Puhlmann et al., 1994) 

Hemicellulose 

LM10 (rat mAb) (arabino)xylan (McCartney et al., 2005) 

CCRC-M1 (mouse mAB) fuco-galactosylated XG (Puhlmann et al., 1994) 

Extensins 

LM3 (rat mAb) extensin (Smallwood et al., 1995) 

  

Table 1. List of the primary monoclonal antibodies used for the analysis of the syncytial cell wall. All 

antibodies were kindly provided by Dr. Georg Seifert. 

 

 

Secondary antibody Company 

Anti-Mouse IgG Alexa Fluor 488 antibody produced in goat Sigma-Aldrich 

Anti-Rat IgG Alexa Fluor 488 antibody produced in goat Sigma-Aldrich 

 

Table 2. List of the secondary antibodies labelled with Alexa Fluor 488 used for the analysis of the 

syncytial cell wall. 
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Results 

 

Sectioning 

After collecting, fixing and embedding of the nematode-infected root fragments in BMM 

resin I have started to prepare/cut sections for immunolocalisation experiments. In order to 

check if sectioned root tissue harbours syncytia, a first set of sections was stained with 1% 

crystal blue to make the cell walls visible. Figure 1 presents a longitudinal section trough  

5 dai syncytium embedded in BMM resin and the figure 2 shows cross-sections trough 5, 10 

and 15 day-old-syncytia embedded in BMM. 

 

 

Figure 1. A 3 µm thick longitudinal section trough 5 dai syncytium embedded in BMM induced by Heterodera 

schachtii. 

 

 

Figure 2. 3 µm thick cross-sections trough 5 (A), 10 (B) and 15 day-old-syncytia (C) induced by Heterodera 

schachtii embedded in BMM. 
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Immunoanalysis of pectin 

 

Homogalacturonan 

The homogalacturonan domains of pectin were probed with two mAbs with specificity for HGA with 

different degrees of methyl esterification. JIM5 and JIM7 recognize partially block wise methyl-

esterified epitopes of homogalacturonan with low and high degree of methyl esterification, 

respectively (Willats et al., 2000; Clausen et al., 2003). 

 

 
Figure 3. Immunolocalisation of pectic methyl-esterified epitopes of homogalacturonan with low degree of 

methyl esterification with the mAb JIM5. (A) 5 dai, (B) 10 dai, (C) 15dai, (D) negative reaction for (A), (E) 

negative reaction for (B) and (F) negative reaction for (C). N – nematode. 
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Figure 4. Immunolocalisation of pectic methyl-esterified epitopes of homogalacturonan with high degree of 

methyl esterification with the mAb JIM7. (A) 5 dai, (B) 10 dai, (C) 15dai, (D) negative reaction for (A), (E) 

negative reaction for (B) and (F) negative reaction for (C). N – nematode. 

 

Galactans and arabinans 

The side chains of rhamnogalacturonan I were probed with mAbs LM5 and LM6, with specificity for 

1,4-β-galactan and 1,5-α-arabinan side chains, respectively (Jones et al., 1997; Willats et al., 1998). 

 

 

Figure 5. Localisation of  β-1-4-galactan from rhamnogalacturonan with mAb LM5. (A) 5 dai, (B) 10 dai, (C) 

15dai, (D) negative reaction for (A), (E) negative reaction for (B) and (F) negative reaction for (C). 
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Figure 6. Localisation of  1,5-α-arabinan from rhamnogalacturonan with mAb LM6. (A) 5 dai, (B) 10 dai, (C) 

15dai, (D) negative reaction for (A), (E) negative reaction for (B) and (F) negative reaction for (C). 
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Immunoanalysis of AGP 

 

Arabinogalactan proteins (AGPs) were probed with mAbs LM2 that recognizes glucuronate on AGP, 

JIM13 and JIM14 recognize unknown epitope on AGP (Yates et al., 1996) and CCRC-M7 with 

specificity for an epitope on rhamnogalacturonan I (Puhlmann et al., 1994). 

 
Figure 7. Localisation of the glucuronate epitope on AGP with the mAb LM2. (A) 5 dai, (B) 10 dai, (C) 15dai, 

(D) negative reaction for (A), (E) negative reaction for (B) and (F) negative reaction for (C). 

 
Figure 8. Localisation of the unknown epitope on AGP with the mAb JIM13. (A) 5 dai, (B) 10 dai, (C) 15dai, 

(D) negative reaction for (A), (E) negative reaction for (B) and (F) negative reaction for (C). N – nematode. 



STSM report, Wieczorek, p 10 

 
Figure 9. Localisation of the unknown epitope on AGP with the mAb JIM14. (A) 5 dai, (B) 10 dai, (C) 15dai, 

(D) negative reaction for (A), (E) negative reaction for (B) and (F) negative reaction for (C). N – nematode. 

 

 
Figure 10. Localisation of the epitope on rhamnogalacturonan I with the mAb CCRC-M7. (A) 10 dai, (B) 15dai, 

(C) negative reaction for (A) and (D) negative reaction for (B). 
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Immunoanalysis of hemicellulose 

 

Xylans were probed by using mAb LM10 (specific for 1,4-β-xylans; McCartney et al., 2005) and 

xyloglucan was probed with mAb CCRC-M1 (Puhlmann et al., 1994). 

 

 
Figure 11. Localisation of the xylans with the mAb LM10. (A) 5 dai, (B) 10 dai, (C) negative reaction for (A) 

and (D) negative reaction for (B). 
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Figure 12. Localisation of xyloglucan with the mAb CCRC-M1. (A) 5 dai, (B) 10 dai, (C) 15dai, (D) negative 

reaction for (A), (E) negative reaction for (B) and (F) negative reaction for (C). 

 

Immunoanalysis of extensins 

 

Extensins were localized with the mAb LM3 (Smallwood et al., 1995). 

 

 

Figure 13. Localisation of extensins with the mAb LM3. (A) 5 dai, (B) 10 dai, (C) 15dai, (D) negative reaction 

for (A), (E) negative reaction for (B) and (F) negative reaction for (C). 
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Results and summary 

 

During this STSM I obtained an intensive training in immunolocalisation technique that included 

harvesting of the nematode-induced syncytia, fixation of the tissue, embedding in BMM resin, 

sectioning and localisation of the cell wall polymers with the aid of different cell wall specific 

monoclonal antibodies.  

 The obtained results are so far preliminary. Further, due to the fact that a time 0 control was 

not performed it is difficult to assess the relevance of nematode infection for the presence of the 

various cell wall epitopes. However, after consultation with Dr. Georg Seifert some interesting 

observations can be made in comparison to previous published and unpublished data. As far as pectin 

epitopes are concerned, the labelling of JIM5 (Fig. 3), LM6 (Fig. 6) and LM5 (Fig. 5) in the ground 

tissue i.e. cortex appears low compared to previous observations e.g. Diet et al. (2006). Likewise the 

labelling with the CCRC-M1 mAb (Fig. 12) that recognizes fuco-galactosylated xyloglucan, in 

previous papers has been shown to bind profusely to the epidermal outer wall and less intensely to cell 

walls in the stele. However, most primary cell walls contain the CCRC-M1 epitope (Freshour et al., 

1996; Seifert et al., 2002). The nematode-infected root at 5 dai shows the opposite distribution, very 

strong labelling in the stele and only weak or absent labelling in the cells of the epidermis and the 

cortex. 

In remarkable contrast to this there is a lack of many primary cell wall associated epitopes in 

the ground tissue of nematode infected roots at 5 dai (Fig. 11). The LM10 epitope of the secondary 

cell wall associated hemicellulose glucurono-arabino xylan (McCartney et al., 2005) can not only be 

found in the xylem cells of nematode infected roots but there also is clear LM10 labelling in the cortex 

cells. In previous experiments using this antibody on Arabidopsis tissue, labelling was restricted to 

secondary cell wall forming tissue (McCartney et al., 2005; Bosca et al., 2006; Zhong et al., 2007). 

At the later stages of infection, 10 and 15 dai, the newly proliferating cells inside the stele 

tissue, generally express primary cell wall associated epitopes. However the thick wall of the 

syncytium is not labelled by most mAbs. An exception is JIM13 (Fig. 8) that binds to an AGP 

associated epitope (Knox et al., 1991). Interestingly this epitope has previously been shown to occur in 

precursor cells for xylem (Dolan et al., 1995). 

In summary these data could indicate that the nematode infection might reprogram cortex cells 

to ectopically produce secondary cell walls and that at later stages of the syncytium formation cell wall 

differentiation partially resembles xylem formation, without undergoing the entire developmental 

program of secondary cell wall biosynthesis. 
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Outlook 

 

By use of the expertise that I gained during my STSM in Warsaw I am planning to continue the 

analysis at my home university with the cross-sections on slides that I brought back to Vienna. Some 

repetitions of the experiments will be performed, as well as some changes will be included into the 

original protocol, such as changes in antibody concentration. Furthermore, sections through uninfected 

roots (time 0) will be used as controls. 

The results of my analysis of the syncytial wall at the different developmental stages with 

several monoclonal antibodies gave first insights into of the structure, composition and biosynthesis of 

the cell wall in nematode-induced syncytia. In the future it will be important to perform immunogold 

localisation with the aid of all used here, and other antibodies to extend the analysis to the histological 

level. Future collaboration in this matter with the group in Warsaw as well as preparing of the 

scientific manuscript is planned. 
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